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ABSTRACT 
 
Background: South Africa’s (SA) has been recorded as the largest producer of 
platinum (Pt) in the world. Pt mining categories include underground and opencast. 
However, opencast mining leads to increased rates of air pollution, triggering health 
risks due to the exposure of workers to coarse and fine dust particles. The purpose 
of this study was to assess the risk of exposure of workers to inhalable and 
respirable dust fractions, and then compare this to national and international 
occupational exposure limits (OELs).  
Methods: A quantitative, descriptive cross-sectional study was conducted at two 
pre-selected Pt mine waste rock crusher plants (named, Facility A and B) in 
Fetakgomo-Greater Tubatse Local Municipality. A walk-through survey was 
conducted to create a basis for the quantitative assessment and better analysis of 
results. A total of 34 self-administered questionnaires were used to obtain permanent 
workers’ demographic and occupational information and analysed using SPSS 
version 25 software. A total of 18 static dust samples, (inhalable (n = 9)) and 
respirable (n = 9)), were collected using a multi-fraction sampler from 9 work stations 
(Screen A and B, Crusher A and B, Feeder A and B, Excavator A and B, and FEL A). 
The dust samples were analysed according to NIOSH 7602 and MDHS 14/4, over 
the recommended 8-hours’ time-weighted average (TWA) shift.  
Results and discussion: The highest numbers of workers were found at the 
cleaning (20.6%) and crushing (17.6%) activity groups. The participants’ average 
age of 37 years was deemed not vulnerable to dust exposure as guided by the 
British Medical Association. The reviewed literature showed that the 8.8% of the 
workers with >10 years of service were at high risk due to cumulative dose exposure. 
The results show no association between age and length of employment but an 
association existed between gender and the length of employment. About 79% of the 
participants use their respiratory protective equipment’s (RPE), with the remaining 
21% of the workers indicating lack of compliance. The Pt mine’s inhalable TWA dust 
concentrations (range, 0.1 mg/m3- 2.2 mg/m3) were higher than respirable TWA dust 
(< 5% crystalline silica) concentrations (range, 0.022 mg/m3- 0.904 mg/m3) at all 
work stations, indicating a high proportion of large particles which do not affect the 
vi 
 
deep lung. There was a significant difference in the mean TWA dust concentrations 
between Facility A and B (t8.118= -0.619, p <0.026). The mean TWA dust 
concentrations for Facility B were 0.2 times higher than the mean TWA dust 
concentrations for Facility A. The exposure assessment data enabled the risk 
classification of work stations, with the highest risk level areas at 11% (feeder A and 
crusher B), indicating the need for improvements in the bid to prevent future health 
risks. The moderate risk level areas were found at 39%, low risk level at 22%, and 
lastly screen B, excavator A and B were found at tolerable risk level and account for 
28%. About 65% of individuals were exposed to over the recommended 8-hours 
work shift.   
Conclusion and recommendations: The dust concentrations obtained were found 
below the OELs and the Pt mine respirable dust (> 5% crystalline silica) were all 
below the detectable limit of <0.01. However, this study assumes that other factors 
such as age, usage of RPE, and duration could still affect the risk of exposure, which 
will underestimate the implemented controls. If the assumptions on demographic and 
occupational characteristics are correct, workers may still be at risk as they age or 
spend longer work shifts and longer years in employment, while exposed to 
concentrations below compared OELs. In order to prevent any future health risk, it is 
recommended that an improved dust-control programme be put in place, which 
includes but not limited to stockpiles enclosures, tyre stops with water sprays, 
vehicle speed limit, road pavement and education on the importance of RPE usage.   
 
Keywords:  inhalable and respirable dust; exposure; platinum mine waste; crusher 
plants; risk; workers 
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DEFINITION OF TERMS 
 
Crusher plants: A fixed or mobile arrangement of equipment which reduces the 
particle sizes of large rocks in order to obtain specified crushed stones or crusher 
sand (Mali, Morey and Khtri, 2016). 
Exposure assessment: An assessment which establishes workers’ exposure to a 
potentially hazardous chemical, the amount of substance, pathway, route, and 
duration of exposure (WHO, 2010). 
Hazard: A source of or exposure to danger (OHS Act, 1993) 
Inhalable dust fractions: Coarse particles with aerodynamic diameters up to 100 
µm (WHO, 1999). 
Mine waste facilities: Mine facilities where storing, or recycling and/or reusing of 
mine waste takes place (Mohammed and Christopher, 2017). 
Occupational exposure limit (OEL): The time-weighted average concentration for 
an 8-hour workday and a 40-hour workweek to which nearly all workers may be 
repeatedly exposed without adverse health effects (MHSA, 1996). 
Pneumoconiosis: An occupational and restrictive lung disease caused by the 
inhalation of mineral dust and characterised by the formation of nodular fibrotic 
changes in the lungs (American Lung Association, 2019). 
Respirable dust fractions: Fine particles with aerodynamic diameters of less than 
10 µm (MHSC, 2007).   
Risk: The probability that injury or damage will occur (OHS Act, 1993).  
Waste: Any substance, material, or object that is unwanted, rejected, discarded, 
abandoned or disposed of, or intended or required to be discarded or disposed of 
and includes all waste in schedule 3 (NEMWA, 2014).  
Worker: An individual who is an employee and holds a type of job or activity defined 
as paid employment jobs regardless of the contractual arrangements (ILO, 2018).
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CHAPTER ONE: GENERAL INTRODUCTION 
 
1.1. INTRODUCTION  
 
This chapter provides the background of the research, problem statement, aim and 
objectives, significance, and geographical demarcation of the study. This chapter 
also outlines the structure of the dissertation. 
 
1.2. BACKGROUND 
 
Platinum (Pt) is a metal often mined in the northern part of South Africa (SA), which 
includes provinces such as Limpopo, North West, and Mpumalanga. International 
entities such as the World Health Organisation (WHO) have highlighted particulate 
matter (PM) as one of the major risks in the 21st century’s global burden of morbidity 
and mortality (WHO, 2006). Exposure to PM can occur both in a general 
environmental and in an occupational setting. It is an objective of the sustainable 
development goals (SDGs) 8.8 to protect labour rights and promote safe and secure 
environments of all workers. The SDGs further place a concern on the occupational 
related illnesses which is highlighted in SDG 3.9 that “by 2030, to substantially 
reduce the number of deaths and illnesses from hazardous chemicals and air, water 
and soil pollution”. Current and former mine workers are some of the groups whom 
their health is affected by occupational PM such as dust. Dust is scientifically defined 
as dry, solid, and small particles up to 100 µm in size (IUPAC, 1990).  
 
Previous studies have shown evidence that dust size, concentration, and chemical 
composition differ per source or activity in mining and non-mining industries, and 
these variations have an influence on the health of workers (Gautam, Kumar & 
Patra, 2016; Nkosi, Wichmann & Voyi, 2017 and Flores, Kaya, Eser & Saltan, 2017). 
Various research contexts have also shown PM2.5 and PM10 as having health effects 
such as lung diseases (Hamra, et al., 2014), and premature deaths amongst others 
(WHO, 2018, Gustafsson, et al., 2018, IHME, 2017 and GBD’s 2015/2017). 
Moreover, surface Pt and gold mining operations are the leading cause of exposure 
to excessive particles that are harmful to health and are associated with various 
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causes of silicosis and pneumoconiosis (Nelson, 2013). The Mine Health and Safety 
(MHS) summit (2014) also reported on the prevalence of respiratory disease cases 
in the Pt mining industries. However, there is an existing gap in the reporting of Pt 
respiratory diseases which has been associated to the fact that most Pt miners have 
migrated from gold and coal mining industries (Nelson, 2013 and Phillips, et al., 
2014) 
 
Mine waste has been found to be a contributing factor in causing harm to the health 
of humans. One of the innovative methods that are currently being used in managing 
mine waste is through facilities that create secondary products out of the waste 
(Cairncross, 2015). These facilities use mechanical and engineering technologies to 
crush the already deposited underground waste rocks into a range of stone sizes or 
dust (Gorakhki and Bareither 2017) to create suitable road construction material 
such as sand and concrete. The increase in construction activities, especially in 
developing countries, has led to an increase in the demand for construction materials 
from crusher plants (Sandeep, Vikas, Agarwal, Rakesh & Mehta, 2014). However, 
these facilities generate dust during the processes of creating these secondary 
products. Jamal and Srivastav’ s (2017) study, conducted in India’s coal mines, 
mentioned the major mining task sources of Suspendable PM (SPM) as crushing 
and handling plants. 
 
There are numerous control methods implemented in occupational settings to avoid 
harm caused to workers or to reduce risks associated with such an industry. The 
occupational exposure limits (OELs) have been set locally and internationally for 
occupational dust exposures as one of the workplaces mitigating methods. The MHS 
summit (2014) reported that 95% of exposure measurements should be below the 
1.5 mg/m3 Pt respirable dust level. However, several international and local studies 
on dust conducted in different mining industries have shown measurements 
exceeding comparable OELs. Other than OEL’s, there are steps that could be taken 
to manage risks which are collectively called “Hierarchy of controls”  and comprises 
of elimination, substitution, isolation, engineering, administration and personal 
protective equipment (PPE). 
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1.3. PROBLEM STATEMENT 
 
Exposure to PM is regarded as one of the most critical of all pollutants (Noble, 
Parbhakar-Fox, Berry & Lottermoser, 2017). Although there is clear scientific 
evidence on dust characterization and its risk of exposure in occupational settings, 
most of the studies have focused mostly on coal and gold mining, and little attention 
has been given to Pt mining. Furthermore, the lack of statistics reporting by SA’s 
public health sector institutions on the health risks of Pt mining.  
 
This does not change the fact that Pt mines dust exposure is one of the contributing 
causes of numerous respiratory infections such as pneumoconiosis, silicosis, and 
pulmonary tuberculosis (PTB) (Nelson and Murray, 2013; Phillips, et al., 2014). 
However, the focal limitation in this study is the non-existing research on Pt mine 
waste rock crusher plants in SA. The mine waste rock crusher plants are 
mushrooming intensively due to demand for construction materials in developing 
countries. Hence, the significance and importance of conducting a health risks 
assessment (HRA), owing to the scientific evidence that particle sizes have an 
influence on transportation and deposition in the human body.   
 
1.4. STUDY AIM  
 
The aim of this study was to assess the exposure of workers to inhalable and 
respirable dust fractions in Pt mine waste rock crusher plants and compare to 
national and international standards.  
 
1.5. STUDY OBJECTIVES 
 
i. To conduct a walkthrough survey of the processes used in the Pt mine waste 
rock crusher plants for an area description 
 
ii. To characterise concentrations as well as composition of dust particles (<10 
μm and <100 μm) at different work stations, and  
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iii. To identify dust-control methods at each facility for HRA profiling. 
 
1.6. SIGNIFICANCE OF THE STUDY 
 
This study aims at providing the basis in knowledge concerning Pt mine waste 
facility’s activity dust levels and the potential risk of dust to workers’ health. 
Furthermore, it aims at guiding the stakeholders, including policy makers, involved in 
reduction of risks from industrial activities and/or the mining sector. It further informs 
the development of appropriate dust-control measures that could improve workers’ 
wellbeing. 
 
1.7. GEOGRAPHICAL DEMARCATION OF THE STUDY 
 
The study was conducted in two pre-selected Pt mine waste rock crusher plants in 
Fetakgomo-Greater Tubatse Local Municipality (FGTLM), in the Limpopo Province of 
SA. The geographical demarcation of the study is further described in chapter three 
of this paper. 
 
1.8. STRUCTURE OF THE DISSERTATION 
 
The arrangement of this dissertation is in such a way that will introduce readers to 
systematic information through chapters, sections, and sub-sections. Each chapter 
has a central idea which is introduced, discussed, and concluded. Chapter one 
contains the study background, problem statement, aims and objectives, 
significance, and geographical demarcation of the study. Chapter two summarises 
the literature review on the Pt mining industry in SA, dust, and health effects. 
Chapter three discusses the methodology adopted for the study and consists of the 
area and facilities description, inclusion and exclusion criteria, data collection, 
analysis methods, and ethical considerations. Chapter four presents results, 
interpretation, and discussion. Chapter five presents the conclusions, 
recommendations, limitations of the study, and finally the references and 
appendices. 
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CHAPTER TWO: LITERATURE REVIEW 
 
2.1. INTRODUCTION 
 
This chapter gives an overview of the literature that has been reviewed to explore 
the Pt mining sector and its health impact on workers. The review was conducted 
through various searches such as electronic databases and journals using keywords 
relevant to the objective of this study, which included mining, dust characterisation, 
inhalable and respirable particles, and health effects of dust.  
 
2.2. PLATINUM MINING  
 
Mining involves the extraction of minerals from the earth’s crust, and includes 
processes that expose the valuable and economic ore (Haque, Hughes, Lim & 
Vernom, 2014). The mining industry has a direct or indirect impact on the country’s 
economy (Sheridan, Ranchod, Pint, Slatter and Harding, 2015), gross domestic 
product (GDP), employment, revenue, society, and relative industries’ growth 
prospects (Mishra, Mohanty & Mall, 2018). The 2017 Department of Mineral 
Resource (DMR) report indicated more than 1700 operating mines in SA, producing 
53 different minerals. In 2017, the total SA mining production was reported to be 
4.0%, which was higher than 2016 results (Stats SA, 2017).   
 
Mining contribution towards GDP was 7.9% in 2017 (DMR report, 2017) while the SA 
Chamber of Mines reported 7.3% for the year 2016. According to the Chamber of 
Mines, the domestic Pt industry generated about 8 billion in sales in 2017 and 
employed more than 175,000 people. The expansion of the mining industry by 3.9% 
was inclusive of the Pt contribution of 26% mineral exports (Stats SA, 2016). SA was 
recorded as the leading producer of Pt in the world (PGM market report, 2017), and 
the Pt industry became the major contributor in the mining sector after the decline of 
gold production (Bobbins and Trangos, 2018). 
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In 2017, Price Water House Coopers (PWC) reported a 21% decline of the Pt market 
capitalisation due to extreme low commodity price. The setbacks due to low 
commodity price, led to restructuring and closure of some Pt mines in SA. Pt and 
PGMs mining are divided into two categories, which include underground and open 
cast mining.  Both underground and open cast mining consist of processes such as 
grinding, crushing, grilling, etc. However, open cast mining presents severe 
exposure to dust, leading to increased air pollution relative to the underground 
mining process (Gautam et al., 2016).  
 
2.2.1. Location of platinum mining in SA 
 
PGMs are predominantly mined in SA, North America, and Russia (IPA, 2018). The 
geologist Hans Merensky (Stats SA, 2016) first discovered Pt and PGMs in the 
north-eastern part of SA in the year of 1924.  The Pt mines are found in 
Mpumalanga, North West, Gauteng, Eastern Cape, and Limpopo, a group otherwise 
known as the Bushveld Igneous Complex (BIC), which has the most PGMs mines in 
the country. Figure 2.2.1 indicates the extent of the limbs of the BIC that hold the ore 
and the location of Pt operations. Limpopo is the northernmost province, sharing 
provincial boarders with Gauteng, Mpumalanga, and North West and is close to 
Zimbabwe, Botswana, and Mozambique (Stats SA, 2016). The Limpopo province 
comprises of five district municipalities that include Capricorn, Mopani, Vhembe, 
Waterberg, and Sekhukhune district municipality, which is situated between the 
Lowveld and Highveld regions (IDP, 2017/2018).  
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Figure 2.2.1: The South African bushveld complex and the locations of active 
platinum mines (Nelson, 2013) 
 
2.2.2. Physical and chemical properties of platinum  
   
Pt is identified as a “malleable, ductile, silvery-white noble metal with the atomic 
number 78 and an atomic weight of 195.09 (INCHEM, 2018) as presented in Table 
2.2.2. Pt is the most well-known of the six PGMs. The forms of PGMs include 
ruthenium, palladium, osmium, rhodium, and iridium and it belongs to group ten, 
occupying number 77 on the periodic table of elements (IPA, 2018),  
 
8 
 
Table 2.2.2: Platinum composition (INCHEM, 2018) 
CHARACTERISTICS/PROPERTIES OF PLATINUM 
CHEMICAL: Platinum 
CHEMICAL FORMULA: Pt 
CAS REG. NO. :  7440-06-4                                                          
ATOMIC NO. 78 
ATOMIC WEIGHT: 195.09 
MELTING POINT (°C): 1772 
BOILING POINT: 3800 °C 
DENSITY  (Kg/m-3 ): 21.45 
 
2.2.4. The use of platinum  
 
As per the 2018 International Programme on Chemical Safety (INCHEM) database, 
Pt is primarily found in the environment in a variety of minerals but is highlighted as 
one of the rarest elements. PGMs are still continuously used, as their physical and 
chemical properties make them vital to a lot of industrial application (USGS fact 
sheet, 2014). Pt uses include different materials or devices. The automotive industry 
accounts for the most usage, followed by the jewellery industry (PGM market report, 
2017). In the automotive industry, the USGS fact sheet (2014) indicated that PGMs 
could be used in catalytic coveters as they decrease hydrocarbon, carbon monoxide, 
and nitrous oxide emissions in automobile exhaust.  
 
The glass-manufacturing industry produces fibreglass, liquid crystal, and flat panel 
displays (USGS fact sheet, 2014). The chemical industry uses Pt and Pt-rhodium 
alloys to manufacture speciality silicones and nitric oxide, while the electronics 
industry uses Pt to increase storage capacities in computer hard drives. Other uses 
of Pt include medical treatment products such as medical implants (IPA, 2018), as it 
does not corrode inside the human body and rarely causes allergic reactions (USGS 
fact sheet, 2014). Gold and Pt underground mining operations’ waste is suitable for 
use as a good-quality aggregate and sand for concrete and roads (DMR, 2012). 
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2.3. MINE WASTE AND ITS SUSTAINABLE PRACTICES 
 
Cairncross and Kisting (2015) highlighted waste rock production as one of the main 
environmental impacts of SA’s Pt mining. Waste is generally defined by National 
Environmental Management (NEM): Waste Management Act, 2014 as “any 
substance, material, or object that is unwanted, rejected, discarded, abandoned or 
disposed of, or intended or required to be discarded or disposed of and includes all 
waste in schedule 3”. Mine wastes are material, which has a slight economic 
significance in the industry of mining, and are produced during extraction, 
beneficiation, or mineral processing with the intention of accessing the concealed ore 
(Mohammed and Christopher, 2017). The mining process generates large quantities 
of residues or waste products (Figure 2.3.a).  
 
Figure 2.2.4a  shows that the mine waste generated may be solid, such as waste 
rock and soil, and may consist of tailings (Gorakhki and Bareither 2017; Cebada, 
2016), or non-solid, as in the case of materials such as water and gases (Jehring 
and Bareither, 2016). Waste rock is classified inclusively as residue stockpile in 
NEMWA (2014), which is defined as “waste resulting from exploration, mining, 
quarrying, physical, and chemical treatment of minerals”. Waste from the crusher 
plants differs by types, mass, and property composition which depends on the 
geology and the processes used in the primary underground mine.  The increase in 
mine-waste generation (Mohajane, Henrichsen, Pheto & Jobert, 2014) requires 
innovative and sustainable waste management techniques (Aznar-Sanchez, Garcia-
Gomez, Velasco-Munoz & Carretero-Gomez, 2018) that can turn waste into an 
economical trait.  
 
There are various waste management strategies utilised from the point of generation 
to disposal, such as the hierarchy (Figure 2.3b). The waste management hierarchy 
includes prevention and minimisation principles, through re-using, recycling, energy 
recovery, or treatment (Polokwane Declaration, 2001 and NEMWA, 2014).  The 
usual worldwide mine waste disposal or management methods include placing 
mining waste in storage facilities such as backfill, landfills, or tailings dams; however, 
these methods have posed various environmental problems that affect the current 
populations, and will eventually affect future generations. 
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Figure 2.3a: Mine waste as part of the mineral processes (MMSD. 2002)  
 
 
Figure 2.3b: The hierarchy of waste management (NEMWA, 2014) 
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The main objective when moving towards sustainable development goals is to 
ensure high quality of life for the current and future generations of human beings, 
and this concept has been explored by many waste-management policies all over 
the world. In SA, the Polokwane Declaration has pledged to “stabilise waste 
generation and reduce the waste disposal by 50% by 2012 and develop a plan for 
zero waste by 2022”, and that, in turn, gives effect to the citizen’s environmental 
health right stipulated in section 24 of the constitution of SA, 1996 (Act no, 108 of 
1996).  
 
2.3.1. Reusing and recycling of mine waste rock 
 
The mining industry’s new waste-management innovations, includes facilities where 
recycling and reusing of waste rock takes place (Mohammed and Christopher, 
2017). Recycling and reusing of mine waste includes choosing alternative uses for 
waste material or converting it into valuable by-products such as road construction 
material, for example cement or concrete (Gorakhki and Bareither 2017). In SA, 
there is a small-scale mining such as mine waste rock crusher plants or sand and 
aggregate mining, which has opened opportunities for less capital operation (DMR, 
2012). The existing Pt underground mine waste used in crusher plants for the 
generation of stones and sand has created opportunities for small scale mining, and 
its demand is driven by the construction industry (DMR, 2012). The DMR review 
report further recorded that the sand and aggregate industry comprises of 573 
registered operations (DMR, 2012).  
 
Secondary production in mining is vital, as it helps in the conservation of natural 
resources and the lowering of environmental impacts caused by the disposal of 
PGMs. For example, the new technological innovation of using the crusher sand or 
dust assists with conservation of river or natural sand for future generations 
(Sandeep, et al., 2014). The crusher dust or sand has an angular shape and rough 
surface texture, which contributes to the enhanced cement matrix, and aggregate 
particles bond (Pilegis, Gardner and Lack, 2016). However, the physical and 
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mineralogy properties of crusher sand differ from natural sand (Pilegis, et al., 2016) 
due to the parent rock. 
  
2.4. INHALABLE AND RESPIRABLE DUST FRACTIONS 
 
Air pollution is a complex combination of harmful substances (Hamra, et al., 2014) 
that changes the elemental composition of the normal atmosphere, thereby resulting 
in various health effects (USEPA, 2017). The complex substances occur as aerosols 
or vapour, differentiated according to their size (Gustafsson, Krais, Gorzas, Lundhc, 
& Gerde, 2018), with examples of aerosols being dust, smoke, or soot. Dust is one of 
the health-concern factors in the mining industry mining.  
 
The International Union of Pure and Applied Chemistry (IUPAC) defines dust as 
“small, dry, solid particles projected into the air by natural forces, such as wind, 
volcanic eruption, and by mechanical or manmade processes such as crushing, 
grinding, milling, drilling, demolition, shovelling, conveying, screening, bagging, and 
sweeping” and usually exist in particle sizes that ranges from 1 to 100 µm in 
diameter” (IUPAC, 1990). Inhalable and respirable dust is classified by USEPA as 
particle pollution in two principal groups: coarse particles and fine particles. 
Regarding dust-mass fraction, the inhalable and respirable fractions as shown in 
(Figure 2.4a and Figure 2.4b) describe the size and ability of the particle to penetrate 
a specified respiratory tract region (HCS, 1995). Particle pollution fractions include: 
 
▪ Inhalable dust fractions: coarse dust particles with <100 μm (MHSC, 2007). 
These dust fractions enter the nose and mouth during breathing, and may cause 
physical irritation such as coughing or sneezing (MHSC, 2007; WHO, 1999). 
 
▪ Respirable dust fractions: fine dust particles with <10 μm (MHSC, 2007). 
These dust fractions penetrate to the deep lung where gas exchange takes place 
and may cause irreversibly diseases (MHSC, 2007 and WHO, 1999). 
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Figure 2.4a: illustration of inhalable and respirable particle sizes (MHSC, 2007) 
 
 
Figure 2.4b: Human respiratory system for different dust fractions size 
deposition (WHO, 1999) 
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2.4.1. Significance of the source of dust  
 
Different types of mining activities act as a hazard for mine workers. A hazard is 
defined by the MHSA as “a source of exposure to danger”. Mine activities that may 
be a source of danger include crushing, drilling, blasting, loading, and the 
transportation of material, which generates PM (Araújo, Costa & Moraes, 2014) in 
different size ranges. A study carried out in an open cast coal mine in Southern 
India, reported a decreasing respirable suspended particulates concentration with an 
increase in distance (89% decreases at 80m) from the source, with the highest dust 
concentrations found at the drilling activity (Sastry, Chandar, Nagesha, Muralidhar & 
Mohuidin, 2015). A similar support by the USEPA model showed an 88% prediction 
of drilling operations producing 350 ug/m3 higher dust concentration levels as 
compared to other activities, with respirable dust concentration decreasing at a 
distance from the drilling source. The analyses in various mineral studies produce 
similar chemical composition results, with only slight changes in point estimates of 
each element. However, silica or silicon dioxide (SiO2) emerge as the most plentiful 
mineral on earth (DMR report, 2017) 
 
2.5. THE IMPACT OF INHALABLE AND RESPIRABLE PARTICLE POLLUTION  
 
The WHO defines human exposure as the contact between humans and an agent 
(chemical, biological, or physical). Exposure to pollution occurs through various 
routes of entry into the human system, including ingestion, dermal contact, or 
inhalation, allowing for the targeting of various organs (WHO, 2010); and, once 
inhaled, these particles end up in the lungs and the bloodstream system (USEPA, 
2017). Both inhalable and respirable dusts have been associated with significant 
public-health issues.  There is also a known correlation between dust exposure and 
compromised human health. For example, Jamal and Srivastav (2017) highlighted 
that, when taking into consideration the pulmonary effects of SPM, the most 
important parameter is the classification of dust according to various particle sizes, 
as shown in Table 2.5.  
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Table 2.5: Effects of various sizes of SPM on human beings (Jamal and 
Srivastav, 2017) 
Group Size range in um Effects 
Super fine < 0.5 Least effects on respiratory system 
Fine 0.5 - 2.5 Maximum effects on respiratory system 
Medium  2.5 - 5.0 Moderate effects on respiratory system 
Course 5.0 -15.0 Mostly affect the visibility of the atmosphere 
Very 
course 
15.0 and above This fraction has a fast settling rate; usually 
causes soiling of machinery, etc. 
 
2.5.1. Health effects: global context  
 
Health effects of polluted air include stroke, lung cancer, respiratory infections, and 
heart disease (WHO, 2018). Global Burden of Disease’s (GBD) 2015/2017 special 
report labelled particle pollution as one of the leading environmental risk factors for 
premature death (IHME, 2017). WHO (2018) also recorded the deaths of 4.2 million 
people across the globe, which were caused by air pollution, and further revealed 
that “9 out of 10 people breathe polluted air”.  WHO (2018) estimates showed that all 
24% of stroke deaths, 25% of heart-disease deaths, and 43% of lung disease and 
lung cancer deaths are attributable to air pollution. Global deaths caused by stroke 
amount to 1.4 million, 2.4 million from heart disease, and 1.8 million from lung 
disease and cancer (WHO, 2018). Epidemiological evidence exists, such as that 
provided by the GBD, which estimated the number of air-pollution deaths at 3.22 
million and showed an increase from 1990 statistics, which were at 2.91 million 
(IHME, 2010).  
 
Adding to the evidence, 6.4 million deaths (and 167.2 DALYs) in 2015 were 
attributed to air pollution globally, while the 2017 special report estimate was 4.2 
million deaths from PM2.5 exposures, ranking fifth worldwide among all risks. A 2018 
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study revealed that, over 7 million premature deaths occur globally, from both 
occupational and non-occupational settings (Gustafsson, et al., 2018), however, 
WHO reported in 2014 that occupation-related incidents are responsible for over 2.1 
million premature deaths (WHO, 2014). Prevalence and the occurrence of 
occupational incidents or injuries are due to poor prevention mechanisms, including 
workers’ training, monitoring, and surveillance.  International studies showed the 
respiratory health linkage of PM10 to the exposure group in an open mine, with 
symptoms such as cough and sputum build up (Aboshoga and Al-Agha, 2015) and a 
complete blood-count changes, particularly the increase in white blood cells 
(Aboshoga, Aljeesh & Al-Agha, 2015). 
 
Further scientific evidence on the effects of PM and outdoor air pollution is their 
IARC placement in Group I carcinogenicity to humans based on the risk relationship 
of (<PM2.5 and <PM10) and lung cancer (IARC, 2016). The results of IARC were, 
however, not inclusive of quantitative evidence, which was then explored by Hamra 
et al (2014), who provided results that showed PM2.5   meta-relative risk association 
to lung cancer at 1.09, with a 95% confidence interval (CI) of 1.04 to 1.14 and PM10 
at 1.08, and 95% CI 1.00 to 1.17. However, INCHEM (2018) has mentioned that Pt is 
not very dangerous as a metal and that it is unlikely to cause irritation except as an 
inhaled dust, especially in high-level dust-generation areas such as surface 
operations. The Pt compounds are regarded as being non-allergenic to humans, but 
work-related allergies to Pt halogenated salts may occur in the PGM’s refining 
operations (INCHEM, 2018). The Centre for Disease Control and Prevention (CDC) 
mentioned that Pt salts have short-term effects, including upper respiratory region 
irritation, and long-term effects such as skin allergies. 
 
2.5.2. Health effects: South African context  
 
The issue of mine dust is a contributing factor to health problems, and mine workers’ 
exposure in open cast mines is of a significant concern, due to their large-scale 
operations generating a huge quantity of PM (Gautam, et al., 2016). Mining activities 
in the occupational setting are one of the leading risks to various environmental and 
human issues; with impacts also emerging from the generated mine waste (Éléonore 
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and Corder, 2015). Dust exposure is a challenge in the sector, experienced by both 
current miners and former miners (Nkosi, et al., 2015), and mainly originating from 
processes such as the crushing, drilling, and grinding of rocks (WHO, 1999). In SA, 
the 2010 GBD’s study of 25 causes of premature deaths reported lower-respiratory 
infections as the fourth-highest cause, TB as the fifth, and COPD as the twenty-
fourth (IHME, 2010). Occupational risk is ranked in the top 15 in the 2010 SA leading 
risk factors, and COPD was ranked in the top 5 of the leading causes of years lived 
with disabilities between 1990 and 2010 (GBD report SA, 2010).  The DMR minister 
reported that SA mining industry had a decrease in fatalities in 2016 as opposed to 
USA.  Pt mining contributed 25 fatalities and injuries between January and October 
2017, which is the same as 2016 statistics of the same period. The general fatalities 
category included dust, gas, and fumes, which totalled to five (7% nationally) with 
one occurring in Pt mining (DMR report, 2017).  
 
The Pt mining sector is under researched, which hinders information on Pt 
occupational respiratory diseases. Nelson and Murray (2013) mentioned that the 
most difficulties occur in locating or studying miners that have only been exposed to 
the Pt sector (Nelson, 2013). Most miners have a migration mining work history, 
having also worked in the gold- or coal-mining sectors. A study of a mean respirable 
Si02 concentration of 0.053 mg/m3 demonstrated a prevalence of silicosis, which 
affected 18.3 to 19.9% of workers in a gold mine, while a similar study in the US 
showing an exposure concentration of 0.05 mg/m3 indicated a prevalence of less 
than 1% (Utembe, Faustman, Matatiele & Gulumian, 2015). Phillips et al. (2014) 
mentioned that workers with disease or the potential to develop disease from silica 
dust exposure might be working in the Pt mining sector due to cross-recruitment, 
which often occurs from gold to Pt mines.  
 
A 2013 cross-sectional survey conducted by Nelson and Murray reported silicosis as 
being diagnosed in three of 969 Pt miners; however, these miners also had a gold-
mining history. To explore the potential Pt risk in mine workers who never worked in 
another mining sector (aside from Pt mining), Nelson and Murray (2013) conducted a 
descriptive case-series study in SA from 1975 to 2009, which showed an autopsy 
crude prevalence of 0.06% and 0.30% potential silicosis in the autopsy of the Pt 
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miners. Surface-Pt and gold-mining operations are the leading cause of exposure to 
excessive particles that are harmful to health and associated with various causes of 
silicosis and pneumoconiosis (Nelson and Murray 2013), with the respirable SiO2 
dust or quartz generated during stone crushing linked to increased occurrences of 
TB and chronic lung cancer.  
 
Ndaba’s (2017) study also found the existence of silicosis in Pt miners, with 544 out 
of 6662 certified cases and 895 out of 2838 TB cases reported between 2004 to 
2012, which was the second highest in the SA mining industry. Another study, 
conducted on forensic autopsies of 34 Pt mine workers, showed those same high 
rates of silicosis and PTB, which the authors’ could attribute to cross recruitment, 
migrancy, and the contract labour system (Phillips, et al,. 2014). The SA Chamber of 
Mines (2016) factsheet showed that the 895 TB cases in Pt mining reported for the 
year 2012, was second to the gold-mining sector with 1529 cases. The 2017 SA 
health incident analysis of the common disease group reported that PTB cases have 
decreased by 26.2% when compared to the past year, with an increase in silicosis 
cases of 8.3% (IHME, 2010). The 2014 MHS Summit has revealed that SA has a 
poor health and safety record, as general mining accidents and injuries are still at an 
unacceptable level. For the elimination of occupational lung diseases, the 
Occupational Health Milestones (2014) mentioned that “by December 2024, 95% of 
all exposure measurement results will be below the milestone level of 0.05 mg/m3 for 
respirable crystalline silica and 1.5 mg/m3 (<5% crystalline silica) for Pt dust 
respirable particulate” for results of individual readings. 
 
2.6. DUST EXPOSURE ASSESSMENT RATIONALE 
 
The duty of employers is to monitor workers’ exposure to potentially harmful 
substances (HCS, 1995 and MHSA, 1996).  The Japan Society for Occupational 
Health (2017) defines exposure concentration as the chemical substance mass in 
the air, which is liable to be inhaled by workers with no respiratory protective 
equipment (RPE). This information indicates the need for workplace quantitative 
analysis in order to establish the concentrations and risks of harmful substances 
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(WHO, 2006). Dust particle size (Figure 2.4.1a) is one of the most significant factors 
in examining its potential harm to human beings (Gautam. et al., 2016).  
 
2.6.1. Static or fixed dust sampling  
 
This study focused on fixed or static dust sampling method excluding the personal 
dust sampling. In fixed or static sampling, the equipment is positioned close to the 
source of dust. These types of samples are useful in identifying hazards, 
concentration levels and sources, and the effectiveness of control measures.  
 
2.7. CONCLUSION  
 
SA has the largest world of PGMs in the world. Pt is the most well-known of the six 
PGMs. The Pt mining industry includes underground and open cast operations. 
Open cast mining includes small sand and aggregate scale mining operations or 
mine waste rock crusher plants. These operations involve the recycling of 
underground mine waste into materials that could be used for construction, including 
residential and non-residential buildings. Hazard and risk characterisation dependent 
solely upon the route and length of exposure, with some health effects presenting 
only after long-term exposure.  There is limited literature pertaining to Pt mining and 
its effect on workers, which resulted in little evidence on respiratory impacts caused 
by Pt mining activities. 
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CHAPTER THREE: RESEARCH METHODOLOGY 
 
3.1. INTRODUCTION 
 
The purpose of this chapter is to introduce the various strategies or tools used during 
the HRA process at the Pt mine waste rock crusher plants. This chapter outlines the 
study design, study population, study-site description, sample size, data collection 
instruments, data quality, data analysis, and ethical considerations. The 
methodology used in this study employs guidance from the WHO (2010) HRA toolkit 
for chemical hazards, which provides a broader understanding and guidance needed 
to assess a hazard and its risks. The HRA process comprises four steps: hazard 
identification, hazard characterisation, exposure assessment, and risk 
characterisation. The Homogeneous Exposure Group’s (HEG’s) method influenced 
the worker’s selection for dust assessment, based on the worker’s job title and dust 
exposure index.  
 
3.2. STUDY DESIGN 
 
This study adopted a descriptive cross-sectional research design using quantitative 
measures. The descriptive cross sectional approach involved identifying of the 
characteristics of a population at one point in time (Leedy & Ormod, 2013), and it 
ensured that the situation in the facilities is presented as it is. The quantitative 
method adopted from Leedy and Ormod (2013), was employed to provide the basis 
of the risk assessment as it identifies the processes and tasks through a walk 
through observation, and to confirm or investigate the workers’ dust exposure 
phenomenon through static dust sampling. The sampling was conducted using 
stratified random sampling, where the population was divided into occupations to 
establish the difference in exposure. 
  
3.3. STUDY POPULATION 
 
The Pt mine waste rock crusher plants are situated in Burgersfort at FGTLM. 
FGTLM, shown with a red arrow in (Figure 3.3), is a category B municipality in terms 
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(Local Government Municipal Structures Act, 1998) located within Sekhukhune 
district in the Limpopo province. FGTLM is also known as LIM 476 or the Middelveld, 
as it is located between the Highveld and Lowveld regions in the middle of the 
mineral-rich bushveld mining complex (IDP, 2017/2018). It comprises of a total of 39 
wards, making it the third largest municipality in Limpopo. The majority of the area is 
made up of scattered villages (IDP, 2017/2018). 
 
The municipality shares borders with Makhuduthamaga, Lepelle Nkumpi, Thaba 
Chweu, and Maruleng local municipalities (IDP, 2017/2018). According to the official 
demographic survey (2016), LIM 476 has a total population of 490 381 people (Stats 
SA Community Survey, 2016). The economic sectors in the area include agriculture, 
trade, tourism, manufacturing, and quarrying and mining of minerals such as Pt, 
which is the main contributor to the province’s GGP (Stats SA, 2016). 
 
 
Figure 3.3: FGTLM (LIM476) geographical Map (https://municipalities.co.za) 
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3.4. SELECTED STUDY SITES 
 
The study focused on Pt mine waste rock crusher plants. For the identification 
protection of the workplaces participating in this study, the sites were named Facility 
A (Appendix Ha and Facility b (Appendix Hb). Facility A and B are two pre-selected 
Pt mine waste rock crusher plants that receive Pt waste rock from two separate on-
going Pt underground mining operations (Figure 3.4). The mine waste is transported 
to the facilities of study, where it is crushed into different size fractions to obtain 
smaller stones or sand (Mali, Morey and Khtri, 2016). It was identified during the 
walkthrough survey that each facility has some of these dust-producing tasks: 
crushing, screening, grinding, hauling, loading and offloading, and final product 
storage or stockpiles.  
 
 
Figure 3.4: The general process flow of a mine waste rock crusher plant  
 
As indicated in Appendix I2a, the waste rocks are loaded in the first-phase machines 
for primary crushing. The primary crusher machines (Appendix I2b) reduce the large 
rocks to smaller rocks (Metallurgists and Mineral Processing Engineers, 2018) with 
the largest crushed stone size at 39mm. There is a possibility of some rocks 
Client product collection
Final product
Screening 
Tertiary crushing
Secondary crushing
Primary crushing 
Waste rock dump station
Underground mining operations 
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exceeding the desired size of 39mm in each stage; these rocks will then go through 
a conveyor belt (Appendix I6) to the next machines for further crushing. The jaw 
(Appendix I3) and cone crushers (Appendix I4) are secondary and tertiary crushing 
machines.  
 
The product the jaw machine makes in Facility A is G2 stones of a size range 
between 15mm and 39mm. The cone crusher machine will further reduce the size of 
the rocks that exceed 40mm and can take primary-crushed feed ranging up to 
300mm (Metallurgists and Mineral Processing Engineers, 2018). In Facility B this 
machine has settings that ensure that all rocks above 40mm are crushed to generate 
G2 particle products with a maximum size of 39mm.The process that follows 
crushing is screening, where a machine (Appendix I5) eventually separates the 
crushed waste rocks through different size sieves into diverse products of different 
particle sizes.  
 
The final materials (Appendix I7) produced at these facilities include road 
construction material such as crusher sand or dust that can pass through a 75μm 
sieve, slag, and gravel concrete (Gorakhki and Bareither, 2017). The crushed 
stones’ classification includes G1, G2, and G3, which are less than 40mm in size, 
and could be used as concrete or slabs for residential or commercial construction. 
These materials pass through the 4.25μm sieve (Metallurgists and Mineral 
Processing Engineers, 2018). The final products fall onto conveyor belts or are 
transported by an excavator to different final storages or stockpiles (Appendix I8) for 
collection by clients. 
 
3.5. SAMPLE SIZE 
 
The targeted sample size from the two mine-waste crushing facilities was 100 
workers.  However, only 34 workers participated in the questionnaire for data 
collection. The rest of the workers were either absent from work, on a different shift, 
or unwilling to participate on the day of sampling. However, questionnaire outcome 
data is at least a representation of each work station. It is also important to note that 
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the aim of this study was not to determine individual exposures but solely to 
determine the activities’ dust exposures at each Pt mine waste facility.  
 
3.5.1. Inclusion criteria 
 
The workers were pre-selected based on work activities and dust exposure index. 
The worker’s activity groups included the following: crushing, loading and offloading, 
screening, general workers, transporting, hauling and/or final storage or any other 
production activities.  
 
3.5.2. Exclusion criteria 
 
Individuals such as security guards, visitors, and office employees were excluded 
from the study. 
 
3.6. DATA COLLECTION 
 
Risk profiling requires a study of factors such as properties of hazard, magnitude, 
frequency and length of exposure, population exposed, and controls in place. Data 
collection took place in the month of October 2018, which comprised of three stages. 
The first stage involved walk-through observations at the participating facilities. The 
second stage involved a self-administered questionnaire (Appendix D) for permanent 
workers at the participating Pt mine waste rock crusher plants, and the last stage 
involved static area dust sampling (SAS) to acquire levels of inhalable and respirable 
dust at different work stations. The purposes of the data collection stages were to 
establish the workstations exposure levels, to establish a database for future 
references, and to evaluate the necessity for future remedial actions. 
 
3.6.1. Data collection using walk-through observations  
 
A preliminary observation or a walk-through survey which involves a walking tour 
was conducted at the participating facilities with the manager or supervisor, in order 
to obtain an overview of the processes and tasks. This process was necessary to 
provide the basis for the quantitative assessment. There were 12 work stations 
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identified, which are illustrated in Appendix Ia and Appendix Ib.  The photographs 
taken during the walk-through survey are also attached as Appendix I (1-9), and 
show the facilities’ machines.  
 
3.6.2. Data collection using questionnaire  
 
A self-administered questionnaire was adopted as data collection instrument to allow 
respondents to maintain their anonymity and to reduce bias via interviewer. This 
instrument was designed to obtain demographics characteristics, occupational 
characteristics and hazard controls usage information amongst the study 
participants. The wording or appropriateness of the questions and their sequence 
were validated in the adopted British MRC questionnaire. These logical questions 
have frequently been tested in many international and local occupational and 
epidemiological exposure assessment studies.  
 
The respondents to the questionnaire were identified from the defined inclusion 
criteria of the research. Out of the 100 targeted participants, a total of 34 were 
reached. All participants accepted the English questionnaire and did not request 
copies translated to any other languages which, prior to the study, was planned to be 
made available upon request and done by a qualified language practitioner. 
Questionnaires were distributed on site during lunch break with a targeted single-day 
completion in each study facility. However, an extra day was allowed for those who 
did not manage to complete it, in order to ensure that sufficient time was given to the 
participants. The researcher was available onsite to give clarity on any questions on 
request. 
 
3.6.2.1. Variables measured by questionnaire  
 
▪ Gender  
▪ Age 
▪ Job title or occupation 
▪ Work site or activity 
▪ Duration of exposure (Work shift and length of employment) 
▪ Personal protective clothing (PPE) provision  
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▪ Type of PPE provided 
▪ Frequency of PPE usage 
▪ Frequency of changing PPE  
 
3.6.3. Data collection using static air sampling (SAS) 
 
Sampling of workers’ area dust exposure was conducted to evaluate Pt mine’s 
respirable and inhalable particulates. Static air sampling involved the collection of 
workstation based dust samples at each study facility. 9 work stations out of 15, (5 in 
Facility A and 4 in Facility B) were based on the dust exposure and facilities’ 
scheduled process flow on the date of sampling. The dust samples were obtained 
following the guidelines of the international standards of ACGIH sampling criteria 
(2009) and the MDHS 14/4 (HSE, 2014). HSE (2006) requires a minimum sampling 
period of 25% of the work shift, preferably above four hours. To adhere to HSE 
(2006), the inhalable and respirable dust fractions were collected using the 
gravimetric methods between 6 and 10 hours, in order to achieve a representation of 
the standard eight-hour (or 420 minutes) work TWA (mg/m³) shift.  
  
3.6.3.1. Dust sampling equipment 
 
The calibrated multi-fraction I.O.M sampler equipment (Appendix Ea. and Appendix 
Eb) was used to collect inhalable and respirable dust particles simultaneously.  The 
inhalable dust fractions were sampled by drawing the air through a filter paper, which 
is placed between a cassette and a support grid to trap dust particles (>10 μm). The 
respirable (<10 μm) dust fractions were collected on a polyvinyl chloride (PVC) filter 
proceeded by a cyclone. The PVC filter is enclosed in a cassette (MHDHS 14/4) 
which separates smaller particles (<10 μm) from larger ones by drawing air directly 
into the inlet of the cyclone and through the filter cassette. 
 
3.6.3.2. Positioning of dust sampling equipment 
 
The samplers were placed in the two facilities in nine separate work stations where 
activities such as crushing, screening, loading and offloading, hauling, and final 
storage take place. The samplers were stationed about 1.2m above the ground in 
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order to be representative of the workers’ inhalation of dust.  Facility A had five work 
stations operating and 10 samples were collected (5 inhalable and 5 respirable dust 
samples), and Facility B had four operating work stations with a total of eight 
samples (4 inhalable and 4 respirable dust samples) collected. In total, there were 
eighteen samples collected from the two-selected Pt mine waste rock crusher plants.  
 
3.7. DATA QUALITY 
 
3.7.1. Reliability  
 
The WHO risk assessment toolkit used to guide the risk assessment and analysis is 
an approved approach that was created to reduce uncertainties and ensure better 
estimates of risk. The air samplers and questionnaire used are adopted and 
scientifically proven instruments. All the participants from both facilities used one 
version of the questionnaire. To ensure consistency and accuracy, dust 
measurements included one field blank or control sample per Pt mine waste facility, 
collected using the same method and exposed to the same conditions. Blanks were 
sent with the samples to the laboratory for dust-analysis quality assurance purposes 
(MDHS 14/4). Samplers were pre-cleaned, labelled with a unique number (Appendix 
E), and operated according to the manufacturer’s instructions. Pre-sampling 
preparation included a filter cassette transport case (Appendix E) to store all filters.  
 
3.7.2. Validity 
 
The validated British MRC questionnaire adopted for this study was successfully 
used in various studies. All the questions were logically related to variables 
measured and constructed in a way that would achieve the objectives of the study. 
Dust sampling was conducted according to the international guidelines. The 
calibration method of flow using a rota-meter was achieved by 2.2 litres per minute 
for the multi-fraction I.O.M samplers (MDHS 14/4), and was checked before and 
after every sampling to avoid errors in reporting. The sample filter cassettes were 
covered and stored in cases (Appendix E (e)) when transported to the sampling 
location. To ensure that the outcome of samples are traceable, information such as 
facility identity, sampling area, the sample identification, pump start time and end 
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time, and the environmental conditions  were recorded on an exposure assessment 
field sheet (Appendix Fa) adopted from the NIOSH Occupational Exposure Sampling 
Strategy Manual, and the Department of Minerals and Energy.  
 
3.8. DATA ANALYSIS 
 
3.8.1. Statistical Package for Social Sciences (SPSS) data analysis 
 
The questionnaire information was processed using the SPSS Version 25 software. 
The questions were, arranged and coded prior to data collection with the assistance 
of the University of Johannesburg STATKON statistician (Appendix L) and the 
principal supervisor. The age and years of service questions were coded after data 
collection. To ensure quality data entry, the questionnaires from both facilities were 
provided with unique numbers, Facility A questionnaires were numbered at the 
corner from (1-20), and Facility B numbered from (21-34).  
 
The descriptive statistics, with both continuous and categorical variables were 
outlined using distribution of frequencies and percentages (Leedy & Ormrod, 2013), 
measures of central tendency (mean or average) and measures of dispersion 
(range, minimum and maximum). The Pearson chi-squared statistical test of 
independence was conducted to determine the association between length of 
employment, age and gender. The independent sample t-test was conducted to 
determine if the TWA dust concentrations means from the two facilities are 
significantly different. The significance level for these test was considered at (α = 
0.05). The results were then presented in tables and chart forms. 
 
3.8.2. Gravimetric dust analysis of respirable and inhalable dust 
 
The gravimetric test method was employed to investigate the distribution of the 
respirable and inhalable dust fractions amongst various work stations. The 
gravimetrical weighing and analysis of the dust particles was conducted at a SANAS 
approved laboratory in accordance with TP 41 to 44 based MDHS 14/4 and NIOSH 
0500, and/or 0600. Out of the 9 dust-exposure activities, a total of 18 activity-based 
dust samples (inhalable and respirable) were collected for dust concentration mass 
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gravimetric analysis. After laboratory results, calculations were conducted for TWA. 
The airborne dust concentration in each work station was calculated by obtaining the 
calibrated pump flow rate and the sample time in minutes (SAMOHP, 2002). 
Mathematical calculation (Appendix Fb): 
 
Determining sample volume (m3)  : Flow rate (1/min) X time (minutes)  
Determining correction filter mass (Mg) : Post filter mass - Pre Filter mass 
Determining sample mass (Mg)  : Post weight sample mass - Pre weight  
  sample mass 
Determining the corrected sample (mg) : Corrected sample mass - correction  
   factor. 
Determine the concentration (Mg/m3) : Mass ÷ volume (mg/m3).  
Determine the TWA dust concentration : Concentration X total sample time (Min) 
 
3.8.2.1. Fourier transform infrared spectroscopy (FTIR) analysis 
 
The BIC’s volcanic intrusion contains many other minerals including Si02 quartz 
which is coded in the pollutant code list as “Pt mine dust respirable crystalline silica 
code 522’ (Table 3.8.2a). The second dust analysis was done using the Fourier 
transform infrared spectroscopy (FTIR) in order to determine the Pt mine dust with 
>5% crystalline silica. FTIR KBr was conducted in accordance to TP 71 to 72 based 
on NIOSH 7602 and/or 7500. This process is completed by applying infrared 
radiation with the usage of potassium bromide (KBr) to the dust samples.  
 
Table 3.8.2a: Pollutant code list (MHSA, 1996) 
Substance Details specificity Code 
Pt mine dust respirable particulate <5% crystalline quartz/silica 487 
Pt mine dust respirable particulate 
(Si02) 
>5% crystalline quartz/silica 522 
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3.8.2.2. Analysis: national and international exposure standards 
 
The national and international authorities and non-governmental organisations 
across the world established the OELs over a Time-Weighted Average (TWA). The 
OELs are used in occupational hygiene for workers protection over an 8 hours’ work 
shift a day or 40 hours per week (ACGIH, 2015 and MHSA, 1996).  The dust mass 
sampling results were then compared for inhalable and respirable dust fractions 
OELs from the local and international standards of developed countries (Table 
3.8.2b). The national standards in this study were derived from SA’s legislation 
(MHSA and HCS regulations) in two departments of OHS, which are DMR and 
Department of Labour (DOL). International guideline values were derived from the 
leading source of scientific guidelines, the American Conference of Governmental 
Industrial Hygiene (ACGIH), and the Health and Safety Executive (HSE). 
 
Table 3.8.2b: South African and international TWA-OELs standards  
Limit (mg/m3) OELs TYPE Organisation References 
<100 μm <10 μm  
10 3 PNOC/Pt  mine dust  : <5% 
crystalline quartz/silica 
DMR: SA MHSA, 1996 
10 5 TLVs ACGIH ACGIH, 2015 
10 5 WELs HSE: UK HSE, 2005 
Silica respirable crystalline quartz   
N/A 0.1 OEL Pt mine dust: >5% 
crystalline quartz/silica 
DMR: SA MHSA, 1996 
N/A 0.4 OEL-CLs DOL:SA HCS, 1995 
N/A 0.025 TLVs ACGIH ACGIH, 2015 
N/A 0.1 WELs HSE:UK HSE, 2005 
N/A: Not available 
 
31 
 
3.8.2.3. Analysis: work station-based risk profiling  
 
The risk analysis model used to assess the risk is a quantitative approach, which 
produces a numerical result as illustrated in Table 3.8.2c and Figure 3.8.2.  The risk 
rating was completed using the information obtained from the walk-through 
observations for hazard identification, questionnaire, and dust sampling. The TWA 
dust concentrations results were incorporated into the local OELs stipulated in the 
MHSA (1996). This study’s recorded TWA respirable concentrations were compared 
to the respirable Pt mine dust OEL (<5% Si02 and >5% Si02), and the inhalable 
concentrations were compared to PNOC inhalable dust OEL (MHSA, 1996). 
 
The purpose of this model was to categorise and profile the risks of the identified 
work stations into the risk classification bands in order to establish work stations’ or 
areas’ risk-score level as per Table 3.8c and Figure 3.8a. According to the used risk 
analysis, the risk classifications bands (Figure 3.8.2) are categorised into four 
groups, with the lowest colour-coded in lime green (tolerable risk), followed by green 
(low risk), yellow (moderate risk), mustard (high risk), and the highest category (very 
high risk) colour-coded in red. This classification further provides an indication of 
how effectively employers of the Pt mine waste rock crusher plants are controlling 
the identified health risks. The mathematical calculation used to obtain the risk rating 
(RR) is as follows:   
 
Determining     RR =    P    X E X C 
 
▪ P: Probability factor based on the TWA level of exposure exceeding OELs. 
▪ E: Exposure factor based on the period or times at which workers are exposed. 
▪ C: Consequence factor based on the level of harm or damage that can manifest. 
 
 
 
 
32 
 
Table 3.8.2c: risk rating matrix (Consequence x Exposure x Probability) 
(SIMRAC, 2001) 
Risk factor Value  
PROBABILITY 
OF TWA 
EXPOSURE> 
OEL 
What is the 
level of 
exposure? 
 
Exposure > OEL-C or exceeding the TWA-OEL more 
than threefold, or mixture of exposure with an index  >3 
10 
Exposure > TWA-OEL < three fold TWA-OEL or mixture 
of exposure with an index between 1 and 3 
 6 
Exposure >  50% of the OEL and < OEL or mixture of 
exposure with an index between 0.5 and 1 
3 
Exposure > 25% of the OEL and < 50% of the OEL or 
mixture of exposure with an index between 0.25 and 0.5 
1 
Exposure >10% of the OEL and < 25% of the OEL or 
mixture of exposure with an index between 0.1 and 0.25 
0.5 
Risk factor Value  
PROBABILITY 
OF TWA 
EXPOSURE> 
OEL 
What is the 
level of 
exposure? 
 
Exposure > OEL-C or exceeding the TWA-OEL more 
than threefold, or mixture of exposure with an index  >3 
10 
Exposure > TWA-OEL < three fold TWA-OEL or mixture 
of exposure with an index between 1 and 3 
 6 
Exposure >  50% of the OEL and < OEL or mixture of 
exposure with an index between 0.5 and 1 
3 
Exposure > 25% of the OEL and < 50% of the OEL or 
mixture of exposure with an index between 0.25 and 0.5 
1 
Exposure >10% of the OEL and < 25% of the OEL or 
mixture of exposure with an index between 0.1 and 0.25 
0.5 
Risk factor 
EXPOSURE 
PERIOD  
How many 
times people 
are exposed to 
the event and 
for how long? 
Continuous exposure for up to 8-hour shift or more 10 
Continuous exposure for up to 6-hour shift: 
frequent/daily 
6 
Continuous exposure for up to 2 hour shift: often/weekly 3 
Short exposure periods: few times per month/seldom 2 
Unusual: at least once yearly 1 
Rare 0.5 
 
CONSEQUENC
ES OF 
EXPOSURE 
Severity of 
harm or 
damage could 
occur 
 
One or more mortality from an occupational disease 100 
Life-threatening/debilitating injury or illness. Multiple 
occupational diseases cases. Miscarriage (very serious) 
50 
Irreversible health effects of concern or serious illness. 
Compensable occupational disease. Possible 
miscarriage (serious) 
15 
Reversible confirmed health effects. Occupational 
disease 
7 
Minor ill-health 1 
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Calculated risk Band  Risk classification Action  
400 and above AA Very high risk Consider discontinuation 
200 to 399 A High risk Immediate action required 
70 to 199 B Moderate risk Correction required 
20 to 69 C Low risk Attention necessary  
<20 D Tolerable risk Monitor 
 
Figure 3.8.2:  Risk rating and classification bands (SIMRAC, 2001) 
 
3.9. ETHICAL CONSIDERATIONS  
 
3.9.1. Informed consent 
 
The University of Johannesburg’s research ethics committee (Appendix J) and the 
higher degree’s committee (Appendix K) and the FGTLM mines committee 
representatives (Appendix A) approved the study prior to data collection. The 
participants were informed about the research, its purpose, and their power of choice 
to withdraw participation at any time, without the intervention of force or deceit 
(Appendix B). Voluntary consent was exercised by ensuring that all participants get a 
form, which each one signed and dated (Appendix C). Findings of this study and 
their practical significance will be communicated to the participants, institution 
management, and other interested stakeholders.  
 
 3.9.2. Anonymity, confidentiality, and privacy 
 
Methods used in the study were not harmful and ensured respect for rights, privacy, 
and sensitivity of the participants and the facilities of study. Confidentiality and 
protection of participants was maintained at all times. This was done by avoiding 
anyone within or outside of the project linking individuals with their responses. The 
questionnaire did not request the names of workers and the results do not show 
names of the facilities used for the study in order to maintain anonymity of the 
research participants.  
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3.10. CONCLUSION 
 
This chapter illustrated the research approach. The study adopted a quantitative 
method using a walkthrough survey, a self-administered questionnaire and dust 
sampling based on work activities. The participating Pt mine waste rock crusher 
plants and workers’ privacy were kept anonymous. The sample population included 
all the workers involved in any of these mining processes: crushing, screening, 
loading and offloading, hauling, and final product storage. The results of the study 
are detailed in Chapter four. 
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CHAPTER FOUR:  RESULTS, INTERPRETATION, AND DISCUSSION 
 
4.1. INTRODUCTION  
 
This chapter outlines the outcome of data analysis, interpretation, and discussion, of 
the quantitative RA from the two Pt mine waste rock crusher plants. 
 
4.2. HAZARD IDENTIFICATION, ROUTES AND PATHWAYS OF EXPOSURE 
 
Pt mine dust is identified as the hazard of concern (Table 4.2) for this RA. For the 
purpose of this study, air was identified as the significant environmental medium and 
inhalation as the exposure route in evaluating workers’ exposure. There is limited 
literature on the direct health effects of Pt dust, however, knowledge exist on a 
possible risk of irreversible effects in connection with Pt mines. The Pt surface mines 
have been linked to silicosis and pneumoconiosis, which are irreversible 
occupational diseases and can result in mortality (Nelson and Murray 2013) 
especially after long-term exposure (WHO, 1999 and Ndaba, 2017). The toxic end-
points of the linked diseases are lung damage, characterised by inflammation and 
fibrosis (American Lung Association, 2019). 
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Table 4.2: Health hazard identification detailed table 
Source of 
hazard 
Identity of 
hazard  
Type of 
hazard 
Nature 
of 
hazard 
Route of 
entry  
Frequency 
of exposure 
Associated ill-
health  
Existing 
controls  
Feeder, 
Crusher, 
Screen, 
Excavator, and 
FEL  
  
Pt mine 
dust 
respirable  
(<5% Si02) 
Chemical  Solid 
particle 
Inhalation  8 hours Pneumoconiosis  Wet method 
(manual hand 
spraying); FEL 
and 
Excavators 
with 
ventilation; 
RPE; 
Pt mine 
dust 
respirable 
(>5% Si02) 
Chemical  Solid 
particle 
Inhalation  8 hours Silicosis 
Pt mine 
dust 
inhalable  
Chemical  Solid 
particle 
Inhalation  8 hours Physical irritation  
37 
 
4.3. DEMOGRAPHIC CHARACTERISTICS 
 
4.3.1. Gender and age 
 
Out of the two preselected workplaces, the size of the workers, in terms of frequency 
was large in Facility A (n=20; 59%) and small in Facility B (n=14; 41%). Table 4.3.1 
illustrates workers average age of 36.8 years (range 23 to 68 years), and the age 
group between 30 and 39 years as the highest with 41.2% (n=14). The second 
largest age group was individuals between 40 and 49 years (n=9; 26.5%), and the 
lowest group was 50 to 59 years (n=1; 2.9%). In terms of gender at work, males 
have historically dominated the mining industry (SIMRAC, 2001), with the same 
notion showing in the percentage of observations of these current study facilities. 
Table 4.3.1 shows that, Pt mine waste rock crusher plants, selected for this study, 
employed 5.8 times more males (n=29; 85.3%) than female (n=5; 14.7%) workers.  
 
Table 4.3.1: Distribution of workers’ demographic characteristics by facility 
 Facility A Facility B Total 
n  % n  % N % 
Age groups (years) 
Mean/average age 36.8 N/A 36.9 N/A 36.8 N/A 
Maximum 68 N/A 58 N/A 68 N/A 
Minimum 23 N/A 28 N/A 23 N/A 
20- 29 6 30 2 14.3 8 23.5 
30-39 7 35 7 50 14 41.2 
40-49 5 25 4 28.6 9 26.5 
50-59 0 0 1 7.1 1 2.9 
60 or more 2 10 0 0 2 5.9 
Total  20 100.0 14 100.0 34 100.0 
%= percentages; n=number of samples; N/A=not applicable 
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 Facility A Facility B Total 
n  % n  % N % 
Gender  
Males 15 75 14 100 29 85.3 
Females 5 25 0 0 5 14.7 
Total 20 100.0 14 100.0 34 100.0 
%= percentages; n=number of samples; N/A=not applicable 
 
 
4.3.2. The dust exposure health risk associated with gender and age 
 
It has been found that, all workers are at risk of developing health effects due to dust 
exposures; however the risk level could differ per worker due to demographic 
characteristics such as age and gender (ILO, 2018). In a recent SA mining industry 
study, pertaining to lung diseases amongst male and female miners, it was found 
that 93% of the diagnoses of pneumoconiosis were in men and only 5% in females 
(Ndaba, 2017). The British Medical Association (2016) stated that there is “an 
accelerated decline in Forced Expiratory Volume (FEV1) and Forced Vital Capacity 
(FVC) with age and that the respiratory system reaches maximal function between 
the ages of 20 to 27 years, thereafter lung function decreases progressively”.  
 
Furthermore, the FEV1 annual decrease is approximately 20mls for individuals 
between the age of 25 to 39, and rises for individuals starting from 65 years by 
38mls (British Medical association, 2016). SIMRAC (2001) indicated TB incidence as 
a strong age-dependent factor shown in gold mine workers, with a progressive 
increase in TB disease rate with age. SA mining industry also reported a mean age 
of 54 years for 19 531 pneumoconiosis cases between 2004 and 2012 (Ndaba, 
2017). Ndaba (2017) further reported specific Pt mining results that showed certified 
silicosis cases with most of the miners in the age group of 40 to 59 years, and the 
age group with the lowest rate being 30 to 39 years, and no cases found in 
individuals with less than 30 years of age. 
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Comparing the findings of the present study to the British Medical Association 
(2016), the 36.8-year average indicates non-vulnerable workers in terms of health 
risks, which is supported by the S.A mining industry occupational diseases study 
(Ndaba, 2017). The lower incidence amongst younger workers than older workers is 
mostly due to the scientific statistics of cumulative exposures or latency periods, 
which indicates increase health risks amoung elderly workers (ILO, 2018). However, 
the presence of different age-groups in these facilities indicates variety of the risk to 
health. This study presents 65% of non-vulnerable young workers (20 to 39 years) 
which contributed of (n=17 males and n=5 females) as tabulated in Table 4.3.2. 
Table 4.3.2 further shows 35% (40 to 68 years) of individuals (n=12 males and no 
females) who are deemed as the vulnerable group, with a potential FEV1 annual 
decrease of more than 20mls. 
 
Table 4.3.2: Cross tabulation of Age and Gender showing percentages within 
each gender. 
Age Group Gender Total 
Male Female 
20-29 6 (20.7%) 3 (60.0% 9 (26.5%) 
30-39 11 (37.9%) 2(40.0%) 13(38.2%) 
40-49 9 (31.0%) 0(0.0%) 9(26.5%) 
50-59 1(3.4% 0(0.0%) 1(2.9%) 
>60 2(6.9%) 0(0.0%) 2(5.9%) 
Total 29 (100.0%) 5 (100.0%) 34(100.0%) 
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4.4. OCCUPATIONAL CHARACTERISTICS 
 
4.4.1. Job/activity groups that may lead to exposure 
 
The summarised job titles or professions (Figure 4.4.1) were further expanded into 
activity groups (Table 4.4.1). Out of 34 permanent workers, the highest number of 
workers (52.9%) were employed as machine operators at (n=6 crushing, n=4 
screening, n=5 loading and offloading, and n=3 final storage). The high number of 
machine operators was due to the nature of the study industry. The second-largest 
group was general workers at 26.5% (n=7 cleaning and n=2 water spraying). The 
cleaning group were made of 4 females and 3 males, which is not surprising due to 
the strong traditional cleaning services being highly concentrated by women (EFCI, 
2018). The remaining activity groups (14.7%) were employed to perform “other” 
tasks (n=2 supervisors or foreman, n=1 diesel attendant, n=1 weighing bridge, and 
n=1 welding) and drivers at 5.9% of the total (n=2 transportation).   
 
 
Figure 4.4.1: Facility A and B occupations profile frequency bar graph.  
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Table 4.4.1: Distribution of workers’ activity groups by facility 
 Facility A Facility B Total 
n  % n  % N % 
Occupational (Activity) groups 
Crushing 4 25.0 2 14.3 6 17.6 
Loading and offloading 3 10.0 2 14.3 5 14.7 
Screening 2 10.0 2 14.3 4 11.8 
Final storage 2 10.0 1 7.1 3 8.8 
Transporting 1 5.0 1 7.1 2 5.9 
Cleaning 3 15.0 4 29.0 7 20.6 
Occupational (Activity) groups 
Water sprayer 1 5.0 1 7.1 2 5.9 
Diesel attendant 1 5.0 0 0.0 1 2.9 
Supervising/foreman 1 5.0 1 7.1 2 5.9 
Weighing bridge 1 5.0 0 0.0 1 2.9 
Welding 1 5.0 0 0.0 1 2.9 
Total 20 100.0 14 100.0 34 100.0 
%= percentages; n=number of samples 
 
4.4.2. Exposure duration: length of work shift  
 
Figure 4.4.2 and Table 4.4.2 show that most workers (n=20; 65%) do shifts longer 
than the recommended 8 hours and only (n=14; 35%) work less than or equal to 8 
hours per shift. The questionnaire responses (Table 4.4.2) received from Facility A, 
showed that 77% of the workers are over-exposed, which was higher than Facility B 
at 23%. 
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Figure 4.4.2: Work shift frequencies and statistics table 
 
Table 4.4.2: Cross tabulation of facilities and work shift (with % of the work 
shift)  
Facility Work shift Total 
less than 8 
hour 
8-hours more than 8 
hours 
Facility A 1 (16.7%) 2 (33.3%) 17 (77.3%) 20 (58.8%) 
Facility B 5 (83.3%) 4 (66.7%) 5 (22.7%) 14 (41.2%) 
Total 6 (100.0%) 6(100.0%) 22(100.0%) 34(100.0%) 
 
 
 
17%
18%
65%
Approximately how many hours are you exposed to per day?
Less than 8 hours
8 hours
More than 8 hours
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4.4.3. Exposure duration: Length of employment 
 
The length of employment for workers who participated in this study ranged from 4 
months to 11 years. Table 4.4.3a indicates the majority of the participants (50%) 
having worked at the facilities for 1 to 5 years, with the least length of employment 
being individuals with 10 and more years (8.8%). Individuals who have worked for 10 
years and above are between the ages of 40 to 49 years (66.7%) and above 60 
years (33.3%) as illustrated in Figure 4.4.3a.   
 
Table 4.4.3a: Distribution of workers’ occupational characteristics by facility: 
length of employment 
 Facility A Facility B Total 
n  % n  % N    % 
Length of employment  
Less than one year 5 25.0 1 7.1 6 17.6 
1 to 5 years 9 45.0 8 57.1 17 50.0 
6 to 9 years 4 20.0 4 28.6 8 23.5 
10 years or more 2 10.0 1 7.1 3 8.8 
Total 20 100.0 14 100.0 34 100.0 
%= percentages; n=number of samples; N/A=not applicable 
 
Figure 4.4.3a illustrated equal number of workers (n=3) with less than 1 year of 
service within the 20 to 29 and 30 to 39 age groups, and (n=1) workers with 6 to 9 
years of service within the 50 to 59 and above 60 years’ age groups. Based on the 
results (Table 4.4.3b), there was a significant association between age and years of 
service with a recorded p-value of 0.010.  There was an approximately equal number 
of male and female workers with less than 1 year of service (Figure 4.4.3b), and 
different number of males as compared to females in the other groups of service. 
These results showed no association between gender and years of service (p value 
of 0.052) (Figure 4.4.3b and Table 4.4.3c). 
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Figure 4.4.3a: Age and length of employment association (% within each length of employment) 
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Figure 4.4.3b: Gender and length of employment association bar graph 
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Table 4.4.3: (b) age and length of employment chi-square association test and 
(c): gender and length of employment chi-square association tests 
 Valu
e 
d
f 
Asymptotic 
Significanc
e (2-sided) 
Pearson 
Chi-
Square 
26.1
51a 
1
2 
.010 
Likeliho
od Ratio 
29.4
12 
1
2 
.003 
Linear-
by-
Linear 
Associat
ion 
16.0
08 
1 .000 
N of 
Valid 
Cases 
34   
a. 19 cells (95.0%) have expected 
count less than 5. The minimum 
expected count is .09. 
 
 
 Val
ue 
d
f 
Asymptotic 
Significance 
(2-sided) 
Pearson 
Chi-
Square 
7.72
0a 
3 .052 
Likelihoo
d Ratio 
7.69
7 
3 .053 
Linear-
by-
Linear 
Associati
on 
5.56
2 
1 .018 
N of 
Valid 
Cases 
33   
a. 5 cells (62.5%) have expected 
count less than 5. The minimum 
expected count is .45. 
df=degrees of freedom      df=degrees of freedom 
 
4.4.4. Dust exposure controls (Personal Protective equipment’s)   
 
The manual hand water spraying during a work shift and ventilated excavators were 
found to be the existing engineering control measures, with waste stockpiles watered 
to reduce dust prior to the processing of the mine waste facility. Figure 4.4.4a 
reveals that 97% (n=33) of the participants were provided with variety of PPE 
(respirators, goggles, hard hats, overalls, safety boots, etc.), as compared to 3% 
(n=1) who were not provided. However, the focus in the present study was on the 
inhalation route of entry, in which the RPE was of concern.  
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Figure 4.4.4a: Personal Protective Equipment’s (PPE) frequency graph 
 
As shown in Figure 4.4.4, the RPE identified during the walk-through observation in 
both facilities was the type 2 filter face piece (FFP2 NR particulate respirator). This 
respirator meets the SA standard (SANS 50149:2003) and the European standards 
(EN149: 2001 and 529: 2005) for respiratory protection against dust particles. This 
respirator has a maximum filter penetration of 6% at the maximum total inward 
leakage of 8% and the breathing (inhalation of 0.7mbar at 30 L/min and 3.0mbar for 
exhalation at 160 L/min) (European standards, 2001). Figure 4.4.4b shows that 79% 
of the participants who were provided with PPE used it at all times, 18% almost 
every time, and 3% stated occasional usage. About 59% of the workers in Facility A 
acknowledged to using their PPE at all times, which was higher than Facility B with 
41%% (Table 4.4.4). 
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Figure 4.4.4b: Respiratory protective equipment used  
 
 
 
Figure 4.4.4c the frequency of wearing PPE 
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Table 4.4.4: Cross tabulation of facilities and PPE usage showing percentages 
within each PPE usage. 
 Facility PPE usage Total 
never use almost every 
time 
at all times 
Facility A 1 (100.0%) 3 (50.0% 16 (59.3% 20 (58.8%) 
Facility B 0 (0.0% 3 (50.0%) 11 (40.7%) 14 (41.2%) 
Total 1 (100.0%) 6 (100.0%) 27 (100.0% 34 (100.0%) 
 
The FFP2 are the correct RPE’s which could be used for sanding, cutting, or drilling 
of stones, concrete, or cement. However various facts must be considered. Figure 
4.4.4c indicates that most PPE changes occur annually (78%). The significance of 
proper usage of RPE is of concern (WHO, 1999); NR on Figure 4.4.4b stands for 
non-reusable and could only be used for a single work shift (European standards, 
2005). Respirator protection is only effective if worn for the duration of the time that 
the worker is exposed to the hazards and within their designed operating range 
(WHO, 1999). Furthermore, the FFP3 must be considered for the workplaces with 
silica dust, which has been found in smaller concentrations in Pt mines (Nelson and 
Murray, 2013).  
 
 
Figure 4.4.4d the frequency of changing PPE 
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4.4.5. The dust health risk associated with occupational characteristics (PPE, work shift 
and length of employment) 
 
Various literatures have indicated that the longer the exposure time, the greater the 
health risk especially with respirable dust particulates (British Medical Association, 
2016, ILO, 2018). The findings in the present study revealed that out of the 6 
workers who admitted to not using their PPE all the times, 66.7% are being exposed 
to more than the recommended 8 hours per day (Table 4.4.5). This fact is supported 
by WHO (1999), which reported that the type of RPE and time of wear is inter-related 
due to workers being tempted to remove their mask respirators because of 
discomfort in longer working periods, especially during hot temperatures. 
 
Table 4.4.5: Cross tabulation of work shift and PPE usage (% within PPE 
usage) 
Work shift PPE usage Total 
Never use Almost every 
time 
At all times  
less than 8 
hours 
0 (0.0%) 0 (0.0%) 6 (22.2%) 6 (17.6% 
8-hours 0 (0.0%) 2 (33.3%) 4(14.8%) 6(17.6%) 
more than 8 
hours 
1 (100.0%) 4 (66.7%) 17 (63.0%) 22 (64.7%) 
Total 1 (100.0%) 6 (100.0%) 27(100.0) 34(100.0%) 
 
Cumulative dust exposure is associated with an impact on lung function (Qian, et al., 
2016). Qian et al. (2016) found a positive relationship between the cumulative dust 
exposure dose and cumulative abnormal rate of pulmonary function in coal-mixture 
workers. Qian et al., (2016) further showed a decreasing FVC%/FEV1%, and 
FEV1/FVC% in workers with >10 years of employment when compared to the 
workers with <10 years of employment. A study by Aboshoga et al (2015) further 
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proved the risk of cumulative dust exposure, showing a significant impact on red 
blood cells and haemoglobin in workers with long-term exposure to PM10, but an 
insignificant relationship in those with short-term exposures of between 1 and 3 
years. 
 
Comparing the findings of this study to Qian et al (2016) and Aboshoga et al (2015), 
the present study’s majority of workers (50%) with 1 to 5 years of service are 
considered not vulnerable. However, scientific studies (ILO, 2018 and Qian, et al., 
2016) support that (n=3; 8.8%) of workers from both facilities who had 10 or more 
years of service are at an increased health risks as compared to the group under 10 
years (n-31; 91.2%). Even though health studies have found dropping FEV1 and 
FVC in individuals working for more than 10 years, Ndaba (2017) reported the 
majority of certified silicosis cases in Pt miners in workers of less than 10 years of 
service (69% between 0 to 4 years and 11% between 5 to 9 years). These results 
indicate that there is no safe level for the development of respiratory diseases. 
 
4.5. DUST EXPOSURE CONCENTRATIONS: SAMPLING ASSESSMENT  
  
4.5.1. Facility A and B mass concentrations  
 
Table 4.5.1a indicates that the highest dust concentrations were at feeder A, with a 
value of 0.8 mg/m3, followed by crusher A at 0.5 mg/m3. The lowest dust 
concentrations were found at the excavators of both Facilities (Table 4.5.1a). The 
workstations comparisons showed the highest dust mass concentrations in feeder A, 
screen A, crusher A and excavator B. The FEL was only sampled in Facility A, and it 
was recorded as the third lowest dust concentration following screener B. Comparing 
the work stations with the highest and lowest levels, the crusher and feeder areas 
are open, stationary areas while the FEL and excavator are enclosed moving or 
mobile machines with ventilation or an air extraction system. The ventilation in the 
FEL and excavator protects the worker from exposure due to its ability to remove 
dust from the workstation.  
 
The TWA dust concentrations had different significance level of p< 0.026 (95% CI is 
[-0.8112, 0.46737]), when comparing the two facilities. The mean TWA dust 
52 
 
concentrations showed Facility B at 0.2 times higher than Facility A (Table 4.5.1b). 
The difference in concentrations in Facility A as compared to Facility B is assumed to 
be due to the variation of environmental conditions on the day of sampling for each 
site. This fact is supported by a study conducted by Gautam et al., (2016) over 20 
days in open mines which showed PM dispersion being dependent on 
meteorological condition. 
 
Table 4.5.1a: Facilities respirable and inhalable dust mass concentrations 
Facility Workstation Concentration (mg/m3) TWA (mg/m3 ) 
  <10 μm <100 μm <10 μm <100 μm 
A Feeder  0.7688 0.8817 0.586 0.672 
B Feeder  0.0630 1.6814 0.081 2.172 
A Screener 0.4053 0.5235 0.169 0.402 
B Screener 0.0573 0.0767 0.051 0.069 
A Twister-
crusher 
0.5402 0.7588 0.432 0.579 
B Multi-crusher 0.5336 0.6920 0.697 0.904 
A Excavator 0.0036 0.1715 0.028 0.132 
B Excavator 0.0196 0.0225 0.026 0.029 
A  FEL  0.0287 0.3896 0.022 0.295 
 
Table 4.5.1b: Facilities TWA dust concentrations means 
 Facility N Mean Std. Deviation Std. Error Mean 
TWA dust 
Concentration 
Facility A 10 .3317 .23863 .07546 
Facility B 8 .5036 .75658 .26749 
N=sample size; std. = standard 
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Table 4.5.1c: Facilities TWA dust concentrations independent sample test 
 
 
t= test statistic Sig. = significance level (p value); df= degrees of freedom; std. = standard  
TWA 
Concentration 
Levene's Test 
for Equality of 
Variances 
t-test for Equality of Means 
F Sig. t df Sig. 
(2-
tailed) 
Mean 
Difference 
Std. 
Error 
Differenc
e 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Equal variances assumed 6.043 .026 -.682 16 .505 -.17192 .25210 -.70635 .36250 
 
Equal variances not assumed 
  -.619 8.118 .553 -.17192 .27793 -.81122 .46737 
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4.5.2. Particle size TWA dust concentration comparison 
 
Table 4.5.2 indicates a standard deviation of 0.5 mg/m3 for the study's TWA dust 
concentrations results. The Pt dust exposures monitoring reported a total mean TWA 
concentration of 0.4 mg/m3 (minimum of 0.02 mg/m3 and maximum of 2.17 mg/m3). 
The inhalable dust fractions TWA mean concentration was 0.6 mg/m3 higher than 
the respirable fractions which were recorded at 0.2 mg/m3 (Table 4.5.2 and Figure 
4.5.2). This study’s comparison of inhalable and respirable dust results is supported 
by the New South Wales government mine dust fact sheet which indicated that most 
mining activities have more coarse particles which are larger than PM10 as compared 
to finer particles. 
 
These results are also similar to open cast mines studies conducted in SA and 
internationally. In SA open cast mines studies, Wentzel (2015) and Badenhorst 
(2013) showed highest mean concentrations in IOM samples at all activities. Other 
measurements of PM collected in India at three open cast mines showed that 
inhalable PM (>10) concentrations were between 22% and 36% higher than 
respirable fractions of PM (<10), showing variation in inhalable fractions as 27.4 to 
603.6 𝑢𝑔/𝑚3 and respirable fractions as 15.7 to 196.6 𝑢𝑔/𝑚3(Gautam, et al., 2016). 
However, even in lower respirable particles, a  review paper showed that mouth-
breathing increased the settling of dust in the alveolar region (WHO, 2014) which is a 
region affected by finer particles. Furthermore, the primary-secondary crusher area 
in an iron mine had the highest respirable dust concentrations of 6.9 mg/m3 
(Wentzel,2015), which is similar to the results of this study with Crusher A and B 
recorded at 0.6 mg/m3 and 0.9 mg/m3, respectively (Figure 4.5.2). 
 
Table 4.5.2: Particles sizes TWA dust concentrations means  
Dust  particle 
size(mg/m3)  
Mean N Std. 
Deviation 
Min Max Median 
<10 .2324 9 .26674 .02 .70 .0810 
<100 .5838 9 .66390 .03 2.17 .4020 
Total .4081 18 .52304 .02 2.17 .2320 
N= number; Min=minimum; Max=maximum 
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Figure 4.6: Work station summary bar graph: inhalable dust and respirable 
dust mass concentrations (mg/m3) 
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4.6. QUANTITATIVE RISK EVALUATION 
 
4.6.1. Comparison with national and international OELs 
 
The results showed that both respirable and inhalable Pt mine dust particulates’ 
concentrations (Table 4.6.1) were below the compared OELs. This present study 
indicates safe levels of dust exposure in terms of legislated limits as compared to the 
study by Aboshoga, Aljeesh, and Al-Agha (2015) which found the mean PM10 
concentration level of 15153 μg/m3 in gravel crusher plants which was about 100 
times higher than the exposure standard of 150 μg/m3. 
 
The low dust concentrations as compared to the OELs could be due to the wet 
method used during production. It was found that the wetting of stockpiles reduces 
re-entrainment of dust during loading and transporting (WHO, 1999). However, the 
various institutions show concern over the current set OELs, with the Institute of 
Occupational Medicine suggesting a reduction of the OELs to as far as below 1 
mg/m3, and NIOH (2016) suggested the cutting of current values in half to reduce 
health effects.  
 
Table 4.6.1: Facility A and B Work stations TWA concentration (Mg/m3) 
comparison with OELs 
N/A=Not available; BL=below limit; <0.01=below detectable limit 
 
 
Work 
station 
Facility TWA Pt dust mass 
(Mg/m3) 
SiO2 
Quartz  
OEL)  comparison 
(Table 3.7.2 (c) and (d)) 
  <100 μm <10 μm <10 μm Local  International 
Feeder  
A 0.672 0.586 <0.01 
BL BL 
B 2.172 0.081 <0.01 
BL BL 
Screener 
A 0.402 0.169 <0.01 
BL BL 
B 0.002 0.048 <0.01 
BL BL 
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N/A=Not available; BL=below limit; <0.01=below detectable limit 
 
4.6.2. Work stations risk-profile ranking  
 
Pt mine respirable dust concentrations were analysed further for respirable Si02 
quartz which were all found below the detectable limit (<0.01) and not subjected to 
risk rating. 
 
Table 4.6.2 and Figure 4.6.2 indicated the respirable dust fractions health risk levels 
(n=2; 22.2% very high risk, n=1; 11.1% high risk and n=6; 66.7% moderate risk) as 
higher than the inhalable dust fractions (n=4; 44.4% low risk and n=5; 55.6% 
tolerable risk). Feeder A and crusher B work stations were found to be very high risk 
with a score of 450 in the respirable fractions group and the lowest-risk areas were 
indicated to be screen A and B, excavator A and B and FEL A with scores below 20 
in the inhalable dust fraction group. The high-risk profiled areas need to be controlled 
to reduce the potential risk to human health to an acceptable level and the lowest-
risk areas to be continuously monitored as changes could occur over time.  
 
 
 
 
Work 
Station 
Facility TWA Pt dust mass 
(Mg/m3) 
SiO2 
Quartz  
OEL)  comparison 
(Table 3.7.2 (c) and (d)) 
  <100 μm <10 μm <10 μm Local  International 
Crusher  
A 0.579 0.432 <0.01 
BL BL 
 
B 0.904 0.697 <0.01 
BL BL 
Excavator  
A 0.132 0.028 <0.01 
BL BL 
B 0.029 0.026 <0.01 
BL BL 
FEL  
A 0.295 0.022 <0.01 
BL BL 
B None  None  None 
N/A N/A 
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Table 4.6.2: Facility A and B work station risk rating and risk classification 
LEVEL OF RISK Very high  (AA) 400 and above 
High (A) 200 to 399 
Moderate  (B) 70 to 199 
Low  ( C) 20 to 69 
Tolerable  (D) <20 
Workstation 
areas 
Facility Probability of 
exceeding 
OEL  (P) 
Exposure 
 
(E) 
Consequence
s 
( C ) 
Risk 
 
PXEXC 
Health hazard: Pt mine respirable dust  
Feeder  
 
A 3 10 15 450 
B 0.5 10 15 75 
Screener A 0.5 10 15 75 
B 0.5 10 15 75 
Crusher  A 1 10 15 150 
B 3 10 15 450 
Excavator  A 0.5 10 15 75 
B 0.5 10 15 75 
FEL A 0.5 10 15 75 
Health hazard: Pt mine inhalable dust   
Feeder  A 3 10 1 30 
B 6 10 1 60 
Screen  A 1 10 1 10 
B 0.5 10 1 5 
Crusher  A 3 10 1 30 
B 3 10 1 30 
Excavator  A 0.5 10 1 5 
B 0.5 10 1 5 
FEL A 1 10 1 10 
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Figure 4.6.2: Overall work station risk profile 
 
4.7. CONCLUSION  
 
This chapter analysed the results obtained from the walkthrough survey, 
questionnaire and the dust sampling (figure 4.7). The evaluation included literature 
from SA and international studies. WHO (2000) toolkit was used to guide the 
exposure assessment. The conclusion is based on the legislations standards and 
risk-rating compliance evaluation summary of the collected 18 dust samples: 
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A. Legislation (over 100%): National and international occupational limits  
             compliance: 100.0% 
 
B. Risk rating (over 100%): work stations or areas with very high risk level: 11% 
▪ work stations or areas with high risk level: 0 % 
▪ work stations with moderate risk level: 39% 
▪ work stations or area with low risk level: 22% 
▪ work stations with tolerable risk level: 28% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7: Exposure assessment summary road map 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 
 
5.1. INTRODUCTION  
 
The purpose of this chapter is to review the study and highlight the conclusions 
made in each section of the dissertation. This chapter further provides 
recommendations that will assist in the control of dust exposures.  
  
5.2. CONCLUSIONS  
 
The mining industry’s risk of dust exposure depends on the specific activity, duration 
of exposure, and characteristics of dust. Harmful particles such as dust arising from 
occupational settings lead to increased infections of the lower and upper respiratory 
tracts (Haque, et al., 2014).  The study assessed Pt inhalable and respirable dust 
fractions in two pre-selected Pt mine waste rock crusher plants in FGTLM, situated in 
the Limpopo province in SA. Furthermore, the workstations or activity areas were 
ranked using the hazard information and static dust samples to determine the areas 
in which workers are most at risk. Pt mining dust was identified as the hazard of 
concern using reliable databases such as INCHEM, WHO, USEPA, and MHSA. Air 
was identified as the medium and inhalation as the route of exposure. Compliance 
was evaluated against national and international OELs, which included MHSA, HCS 
regulations, AGHIH, and HSE (range from 3 mg/m3 to 5mg/mg3 for respirable dust 
and at 10 mg/m3 for inhalable dust), and further evaluated through risk rating matrix. 
 
The crusher plants are part of the growing small-scale mining sector (Gorakhki and 
Bareither, 2017). The work stations in the Pt mine waste rock crusher plants included 
feeders (Facility A and B), crushers (Facility A and B), excavators (Facility A and B), 
FEL (Facility A), and screens (Facility A and B).  The majority of workers were found 
at the cleaning (20.6%) and crushing (17.6%) activity groups. The TWA dust 
concentrations mean was found at 0.4 mg/m3 (ranged from 0.2 mg/m3 to 2.2 
mg/mg3) with a standard deviation of 0.5 mg/mg3. There was a significance 
difference between the facilities (p<0.026), showing Facility B at 0.2 times higher 
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than Facility A. The feeder area had the highest inhalable and respirable dust 
concentration in both facilities (A 0.5 mg/m3 and 0.8 mg/m3; B 1.7 mg/m3 and 2.2 
mg/m3).   
 
All the concluded TWA dust concentrations were below the local and international 
OELs. The respirable Si02 quartz concentrations were found to be below the 
detectable limit of <0.01 in both Facilities. Out of 18 work stations, the risk analysis 
matrix obtained from the TWA dust concentrations, the associated OELs, and the 
health effects of such dust particles showed a very high risk level (11%) at two 
stations, namely feeder A and Crusher B for respirable dust.  The moderate risk level 
was assigned to seven stations (39%). The low and tolerable risk levels were all 
found to be inhalable dust with 22% and 28% respectively. Work stations with 
tolerable or accepted risk levels were screen, excavator, and FEL.  
 
Over and above the factors mentioned, there are demographic and occupational 
characteristics such as age, gender, PPE usage and duration of exposure by work 
shift and job service length which are closely related and contribute to an increased 
risk of exposure (SIMRAC, 2001). The demographic characteristics results of age, 
showed that the group in the age bracket of 20 to 39 years (65%) is a non-vulnerable 
group, whereas the 35% of individuals aged between 40 and 68 years are a 
vulnerable group, with more than 20mls FEV1 annual decrease as guided by the 
British Medical Association. There is a knowledge that long-term exposure is of 
concern with cumulative exposure dose or chemical levels that can vary overtime 
(WHO, 1999 and Ndaba, 2017). The occupational characteristics such as duration of 
exposure by work shift and job service length showed 65% of the participants from 
both facilities working for more than the recommended 8 hours and 8.8% of 
participants with 10 or more years of service.   
 
Furthermore the results showed lack of legislation compliance to simple dust 
mitigation measures such as usage of PPE for an entire shift, even where 
management made such equipment available to workers. There was inconsistency 
or inadequacy in PPE usage, with 3% of participants revealing that they are not 
being provided with RPE and for those provided, 21% admitted to not using their 
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RPE at all times. About 66.7% of the workers, who admitted to not wearing PPE at 
all times, were exposed to more than the recommended 8 hours shift. The 
relationship between PPE and duration of work further shows that employees 
wearing PPE continuously for longer than a normal shift tend to find it uncomfortable, 
which may result in a reduction in the amount of time spent wearing it (WHO, 2000). 
Furthermore, the theoretical protection level of a respirator based on laboratory 
measured performance data shows that the FFP2 used in both facilities deals with 
moderate levels of fine dust and can be used during sanding, cement, drilling, and 
cutting. However, it must be noted that the use of FFP3 is recommended in the 
mining sector were silica could be present.  
 
The general conclusion that can be drawn from the present study is the increased 
health risk caused by demographic and occupational characteristics even in dust 
concentrations lower than legislated limits. Such as the known increased health risk 
in cumulative exposure (ILO, 2018). The risk of pneumoconiosis was also found to 
be higher in people that have been exposed to mineral dusts for long periods of time 
and in cases of the inconsistent use of RPE (American Lung Association, 2019). 
Nelson and Murray (2013) further indicated the risk of exposure and development of 
silicosis and pneumoconiosis in Pt mine workers. In terms of long-term exposure, the 
mine waste facility’s waste rock particles may also go through chemical reactions 
during overtime storage, which may generate additional products that could be toxic 
(Aznar-Sanchez, et al., 2018). Furthermore, the risk-rating evaluation indicated that 
measures should be implemented to reduce the potential harm at the highest-risk 
stations.  
 
5.3. RECOMMENDATIONS (DUST CONTROL)  
 
It is a recommendation by WHO, section 24 of the SA Constitution, MHSA, 1996, 
OHS Act, 1993, and the HCS regulations to have a healthy and safe work 
environment. The employers are required to identify hazards as per section 11(1) of 
the MHSA, control the risks of the identified hazards as per section 11(2), implement 
risk control as per section 11(3), and periodically review the identified hazards, risks, 
and controls as stated in section 11(4) of the MHSA. In terms of a successful health 
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and safety site, both the management and workers should make an effort in 
implementing both top-down and bottom-up approaches. Precautions should always 
be taken to keep exposure risks as low as possible, in order to reduce the likelihood 
or occurrence of occupational disease. The hierarchy of controls includes various 
steps used to eliminate or minimise the risk of workers whom are exposed to dust 
particles. These recommendations are the final phase of the RA process, which 
provides hazard and risk prevention measures for the management and the workers 
to consider.  
 
The steps or risk mitigation measures for this study  should be applied from the most 
effective  being  elimination of the hazard, followed by isolation of workers from the 
hazard, engineering methods, then administrative controls and the least effective 
being PPE (OHS Act, 1993). The hierarchy’s substitution control with a less 
hazardous substance will not be application for this study. Substitution control is the 
least reasonably practicable measure for these facilities, due to the fact that the 
hazard (Pt mine dust) is caused by crushing of the parent Pt mine waste rock from 
the underground mine which the crusher plants are operated at. The main concern of 
the study is dust exposure by inhalation; hence, this document focuses on this route 
of exposure alone. However, this focus on inhalation does not mean employers 
should neglect other hazards associated with the particular industry. 
 
5.3.1. Elimination controls: Remove hazard 
 
▪ Wet methods: The suppression of dust must continue. The use of wet methods is 
for suppression of dust production which results in generation of lesser dust e.g. 
the use of stabilisers for stockpiles or for road-dust haulage (WHO, 1999). This 
method is more effective when applied at the dust generation point and the 
amount of water needed will depend on the type and weight of the crushed 
material. 
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 Figure 5.3a: Facility A trucks road 
 
5.3.2. Isolation controls: Separate workers from hazard 
 
 Enclosed cab filtration system: These cabins act as a barrier between the 
generated dust and the worker. Ventilation systems installed in the cabins such 
as air conditioners, fans, or recirculation filters could be used to minimise dust 
especially for respirable particles. Ensure that the enclosed machines are kept 
clean at all times. 
 
Figure 5.3.b:  Enclosed cab 
filtration system 
(Organiscak, 2018). 
 
66 
 
 
5.3.3. Engineering controls: Modify equipment  
 
 Bag-houses or collector dumps:  collector dumps can be placed at the machines 
stones deposition end, which discharge the products close to the ground and 
reduce discarding of dust.  
 
 Tyre stops with water sprays:   this method supresses dust by using water sprays 
on stockpiles (Figure 5.3.c). The tyre stops assist in avoiding or reducing rollback 
underneath vehicles, and the water sprays help with redirecting and suppressing 
dust at the stockpiles deposit areas (Figure 5.3.d). 
 
 
Figure 5.3.c Facility A stockpiles with no tyre barrier and Figure 5.3.d: 
illustration of a vehicle tyre barrier and water spray (Organiscak, 2018). 
 
 Enclosed hopper dump: Figure 5.3e is designed with controlled water sprays for 
suppressing dust and Figure 5.3.f is designed with staging curtains to reduce 
dust wafting out. 
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Figure 5.3.e: Enclosed hopper dump with plastic stripping Figure 5.3.f: 
enclosed staging curtains (Organiscak, 2018). 
  
5.3.4. Administrative controls: Use information or rules to reduce risk 
 
 Reduce dust through vehicle control: Limiting vehicle movements (such as 
clients’ collection trucks, or delivery trucks) during processing hours can reduce 
dust production. Install speed limits boards for vehicles to reduce dust produced 
by speeding. 
 
 Maintaining roads and pathways: Pave the surface areas such as walk-ways and 
vehicle roads. 
 
 Warning signage and restricted areas:  There are areas that require usage of 
temporary or permanent caution signage and warnings (WHO, 1999) with 
noticeable and clear communication. For example, signage during maintenance 
of a machine or production times where high levels of dust are handled. 
 
 Worker training and information:  Based on the OHS Act, provision of education 
or training as per  section 8, and hazard and precaution measures 
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communication as per  section 13, is important in the implementation of controls  
Examples: Continuous PPE usage and task or process standard operational  
  procedures (WHO, 1999).  
: Developing an awareness or educational video that shows  
  mine waste rock crusher plants hazards or risks and safe working  
  practices.  
 
 Workers are the ground floor individuals and their cooperation and understanding 
will ensure a better OHS management process. Workers’ participation is also a 
legal requirement in terms of Chapter 3 of the MHSA, 1996 and section 15 and 
42 of OHS Act, 1993. 
 
 Limiting of workers exposure: Limit workers magnitude and duration of exposure 
through task rotations or rest periods. 
 
 Maintenance and monitoring: Continuous maintenance and monitoring of the 
health and safety plan by the management. 
 
5.3.5. Respiratory protective equipment (RPE): Provide protective equipment to 
workers 
 
 The mine waste rock crusher plants management should provide appropriate 
RPE approved by national and/or international standards (WHO, 1999) and 
should enforce and encourage usage amongst all persons working in the 
facilities.  
 
 The workers are responsible for complying with the standard operational 
procedures in the workplace which guide health and safety, and also for adhering 
to proper usage of RPE. 
 
 The WHO (2000) recommends the following: “Inform wearers of the 
consequences of exposure, select RPE adequate to control the exposure in 
question, involve wearers in the RPE selection process and match RPE to the 
user, train wearers in the proper use of their RPE, and minimise wear periods” 
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5.4. LIMITATIONS OF THE STUDY 
 
Challenging factors which may have affected the results interpretation included; an 
overwhelming focus on coal and gold mining and little literature on the potential risk 
of developing diseases in Pt mining (Nelson, 2013). The study was conducted on a 
small sample of Pt mine workers from two mine waste rock crusher plants due to a 
low operational frequency in various crusher plants around the FGTLM. However, 
the objectives of the study were achieved.  
 
A challenge occurred in taking dust measurements on the same date in both facilities 
as planned due to the facilities’ different operational schedules and machinery 
maintenance. The different environmental conditions such as wind direction and 
humidity could have affected the optimal running of the sampling pumps and 
influenced the dust concentrations differences (Gautam, et al., 2016).  
 
The dust exposure assessment findings are associated with generalised mining 
health effects, with no individual medical examinations taken. However, the purpose 
of the study was aimed at determining work stations risk of exposure and not 
conducted for individual workers’ exposures. Using static dust samples caused a 
limitation in terms of applying OELs, as most standards are set for personal 
sampling. Walk in observations versus self-reported status are one of the methods 
used in occupational risk assessments however there can be a limitation if workers 
knew about the research prior to the observations, and use that to ensure 
compliance.   
 
5.5. RECOMMENDATIONS FOR FUTURE STUDIES 
 
Further studies could extend the exposure monitoring by including personal dust 
sampling and medical surveillance. A long-term average exposure concentration is 
also needed for this mining industry, to confirm changes in the risk to health over 
longer employment duration and over longer-term average conditions, as dust 
dispersion is dependent on weather differences.   
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TUBATSE LOCAL MUNICIPALITY 
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APPENDIX B:  INFORMATION LETTER 
 
 
 
DEPARTMENT OF ENVIRONMENTAL HEALTH 
RESEARCH STUDY INFORMATION LETTER 
 
 
01 October 2018 
 
Good Day 
 
My name is Maasago Mercy Sepadi I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research 
study on workers risk of exposure to inhalable and respirable dust at Platinum tailing sites: A case study in 
Fetakgomo-Greater Tubatse Municipality 
 
Before you decide on whether to participate, I would like to explain to you why the research is being 
done and what it will involve for you. I will go through the information letter with you and answer 
any questions you have. This should take about 10 to 20 minutes. The study is part of a research 
project being completed as a requirement for a Master’s Degree in Public Health through the 
University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to assess exposure to inhalable and respirable and compare to local and 
international Occupational Exposure Limits. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in understanding 
the relevant details of participation in this research study. Please read through these. If you have any 
further questions, I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you do not have to. It is up to you to decide to participate in the study. I 
will describe the study and go through this information sheet. If you agree to take part, I will then ask you to 
sign a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? Participate in an 
interview conducted by researcher using a standardized questionnaire 
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to participate, 
you are free to withdraw your consent at any time without giving a reason and without any consequences. If you 
wish to withdraw your consent, you should inform me as soon as possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT 
DUE TO ME: you will not be paid to participate in this study and you will not bear any expenses  
 
RISKS INVOLVED IN PARTICIPATION: no possible risk in participating in the study 
 
BENEFITS INVOLVED IN PARTICIPATION: knowledge in risks exposure at your work 
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WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on the 
questionnaire/data sheet will be removed once analysis starts. All data and back-ups thereof will be kept in 
password protected folders and/or locked away as applicable. Only my research supervisor or I will be 
authorised to use and/or disclose your anonymised information in connection with this research study. Any other 
person wishing to work with you anonymised information, as part of the research process (e.g. an independent 
data coder) will be required to sign a confidentiality agreement before being allowed to do so. 
 
OR 
 
WILL MY TAKING PART IN THIS STUDY BE ANONYMOUS? Yes. Anonymous means that your 
personal details will not be recorded anywhere by me. As a result, it will not be possible for me or anyone else 
to identify your responses once these have been submitted. 
 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be written 
into a research report that will be an assessed. In some cases, results may also be published in a scientific 
journal. In either case, you will not be identifiable in any documents, reports or publications. You will be given 
access to the study results if you would like to see them, by contacting me.  
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by me, under the 
guidance of my research supervisor at the Department of Environmental Health in the University of 
Johannesburg. The project will be funded by GES scholarships 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to start, it was 
reviewed in order to protect your interests. This review was done first by the Department of Environmental 
Health, and then secondly by the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study was approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research study, its 
procedures or risks and benefits, you should ask me. You should contact me at any time if you feel you have any 
concerns about being a part of this study. My contact details are:  
 
Maasago Mercy Sepadi 
+2771 447 4715 
mercysepadi@gmail.com 
 
You may also contact my research supervisor: 
Mrs Martha Chadyiwa 
mchadyiwa@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study have not been dealt with 
adequately, you may contact the Chairperson of the Faculty of Health Sciences Research Ethics Committee at 
the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific 
information about this research project information, have any questions, concerns or complaints about this 
research study, its procedures, risks and benefits, you should communicate with me using any of the contact 
details given above. 
 
 
Researcher: 
Maasago Mercy Sepadi 
 
------------------------------ 
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APPENDIX C:  CONSENT FORM 
 
 
 
DEPARTMENT OF ENVIRONMENTAL HEALTH 
RESEARCH CONSENT FORM 
 
WORKERS RISK OF EXPOSURE TO INHALABLE AND RESPIRABLE DUST FRACTIONS AT 
PLATINUM TAILING SITES: A CASE STUDY IN FETAKGOMO-GREATER TUBATSE 
MUNICIPALITY, LIMPOPO PROVINCE OF SOUTH AFRICA 
 
Please initial each box below: 
 
 
       I confirm that I have read and understand the information letter dated 02-February-2018 for the 
above study. I have had the opportunity to consider the information, ask questions and have had these answered 
satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to withdraw from this study at any 
time without giving any reason and without any consequences to me. 
 
 
      I agree to take part in the above study. 
 
 
 
 
 
_______________________       ___________________________________  ________________ 
Name of Participant        Signature of Participant     Date 
 
 
 
       
_______________________      ___________________________________ ________________ 
Name of Researcher       Signature of Researcher   Date 
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APPENDIX D:  SELF-ADMINISTERED QUESTIONNAIRE 
 
SECTION A: BIOGRAPHICAL DETAILS 
 
1. What is your gender? 
Male 1 
Female 2 
 
2. How old are you? 
 ………years old 
 
SECTION B: OCCUPATIONAL DETAILS 
 
3. What is your job title/profession? 
Machine operator  1 
Residential engineer 2 
Driver  3 
General worker 4 
Other, please specify:   
                                   --------------------------------------------------------------- 
5 
 
 4. Which work task/site are you operating from? (Choose one answer) 
Crushing  1 
Grinding 2 
Blasting 3 
Loading and offloading 4 
Screening 5 
Transporting 6 
Final storage 7 
Other, please specify:   
                                   -------------------------------------------------------------------- 
8 
 
5.  How long have you been working on this site? 
 -------------- Years 
 ------------- Months 
 ------------- Days 
 
6.  Approximately how many hours are you exposed to per day? 
Less than 8 hours 1 
8 hours 2 
More than 8 hours 3 
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7.  Are you provided with protective clothing (PPE)? 
No 0 
Yes 1 
 
8. Which type of PPE? 
  No Yes 
8.1.  Not applicable 0 1 
8.2.  Face shield 0 1 
8.3.  Respirator 0 1 
8.4.   Dust Mask 0 1 
8.5.  Other, please specify:   
                                   -------------------------------------------- 
0 1 
 
9. Do you wear or use your PPE? 
Never use 1 
Occasionally/sometimes 2 
Almost every time 3 
At all times 4 
 
10. In your work task, how often do you change your PPE? 
Not applicable 1 
Never change 2 
Daily  3 
Weekly  4 
Monthly  5 
Quarterly  6 
Annually 7 
Other, please specify:   
                                   -------------------------------------------------------------------- 
8 
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APPENDIX E:  INSTRUMENTS USED FOR DATA COLLECTION 
 
(a)An Actual picture of a pump used on site and (b) an area dust-monitoring 
instrument labelling (MHDHS 14/4) 
 
 
(c)Inhalable dust I.O.M sampling head close-up visual and (d) Respirable dust 
fractions cyclone sampling head close-up visual (MHDHS 14/4) 
 
(e) The actual filter transport case used on the day 
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APPENDIX F:   EXPOSURE ASSESSMENT FIELD SHEET 
ACTIVITY AREA 
INFORMATION  
DUST SAMPLING INFORMATION 
Sample type: Static/area sampling 
                       Inhalable and respirable (multi-sampler) 
Facility:     A  Pump No:  Blank sampler:  
B  Filter unique No:   
 
Sample work-station/Location / Area:  
Respiratory 
Protection 
provided: 
Ye
s 
 Pump Start Time:  
No  
If yes, what type: Pump Stop Time:  
Respiratory 
Protection worn: 
Ye
s 
 Standard sampling 
durations 
8 
hours 
 15min  Over 8 
hours 
 
No  
 
ENVIRONMENTAL CONDITION 
Temperature:  
Wind Speed:  
Wind Direction:  
Date of sampling:  
 
CALIBRATION INFORMATION 
Calibration 
location: 
 Calibration Date  
Indicated flow rate: Pre  Pos
t 
  
Volume : Pre  Pos
t 
 
 
Sampling/analytical method: 
Gravimetric weighing required: Yes  No   
External analysis required: Yes  No   
If analysis is required, specify:  
 
Remarks, possible interference, action taken, etc.: 
 
 
 
 
                                                                                                                                             Page 1 of 1 
NOTE: This document remains the property of those involved in this study. 
(a) Sampling sheet used onsite
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Particle 
size 
(μm) 
Sample 
identity: 
Pump no. 
Sample 
identity: 
filter no. 
Flow 
rate 
befor
e 
Flow 
rate 
after 
Start 
time 
Stop 
time 
minute
s 
Run 
time 
8 hours 
(minute
s)  
Volume 
(M3) 
Corrected 
dust 
mass(mg)  
Dust 
concentratio
n 
(mg/m3) 
TWA dust 
concentratio
n 
(Mg/m3 ) 
Feeder  A 
<10  49 18SJ059 2.2 2.2 08:39 14:50 366 6:11:00 480 0.8052 0.619 0.7688 0.586 
<100 0.710 0.8817 0.672 
Feeder B 
<10  70 18SJ060 2.2 2.2 06:52 17:12 620 10:20:0
0 
480 0.0860 1.364 0.0630 0.081 
<100 1.446 1.6814 2.172 
Crusher  A 
<10  63 18SJ065 2.2 2.2 08:39 14:50 366 6:11:00 480 0.8052 0.435 0.5402 0.432 
<100 0.611 0.7588 0.579 
Crusher B 
<10  39 18SJ049 2.2 2.2 06:39 17:06 627 10:27:0
0 
480 1.364 0.860 0.5336 0.697 
<100 0.944 0.6920 0.904 
FEL A 
<10  93 18SJ070 2.2 2.2 08:11 14:15 363 6:04:00 480 0.8008 0.023 0.0287 0.022 
<100 0.312 0.3896 0.295 
Screen A 
<10  149 18SJ064 2.2 2.2 08:16 14:25 369 6:00:00 480 0.8118                                                                                           0.329 0.4053 0.169
<100 0.425 0.5235 0.402 
Screen B 
<10  59 18SJ044 2.2 2.2 06;47 13:57 430 7:10:00 480 0.946 0.0542 0.0573 0.051 
<100 0.0726 0.0767 0.069 
Excavator  A 
<10  86 18SJ069 2.2 2.2 08:24 14:35 371 6:11:00 480 0.8162 0.003 0.0036 0.028 
<100 0.014 0.1715 0.132 
Excavator B 
<10  91 18SJ074 2.2 2.2 06:39 17:06 627 10:27:0
0 
480 1.379 0.0270 0.0196 0.026 
<100 0.0310 0.0225 0.029 
(b) Sampling sheet results summary 
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APPENDIX G: OCCUPATIONAL HYGIENE CONSULTANTS LABORATORY 
ANALYSIS COMMUNICATION 
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APPENDIX H: LAYOUT PROCESS FLOW OF THE MONITORED FACILITIES 
 
  
 
 
 
  
 
 
(a): Process flow in facility A 
 
 
Waste dump 
station
(1st and 2nd) 
Loading
and 
offloading
PRIMARY
Crusher
JAW 
crusher
CONE
crusher
G2 product
(-39mm)
  CRUSHER 
OPERATIONS 
SCREENING 
OPERATIONS 
 
Loading and 
offloading 
 3 Deg mobile 
Screening mobile 
 
Sand/crusher dust 
product (-6mm) 
 
Client loading Hauling 
Transportation 
 Clients Loading and 
Hauling or Transportation 
 
Moist waste rock from Pt 
underground mining operations 
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(b) Process flow at Facility B 
 
Crushing 
 
Screening 
 
Final products  
 
Waste dump station 
storage  
(1st and 2nd) 
Loading and 
offloading 
 
Clients Hauling or 
Transportation 
 Moist waste rock from Pt 
underground mining operations 
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APPENDIX I:  PICTURES DESCRIBING THE STUDY SITES 
 
Appendix I (1): (a) 1st mine waste dump station and (b) 2nd mine waste dump 
station in facility A 
 
Appendix I (2): (a) loading into the primary crusher machine and (b) Primary 
crusher  
 
Appendix I (3): Jaw Crusher in facility A and Appendix H (4): Cone crusher’s 
workstation in Facility A 
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Appendix I (5): 3 Deg Screening machine in Facility; Appendix H (6): Mine 
waste conveyer belt at Facility B  
 
 
Round G2 stones Irregular G2 stones Sand  Concrete  
    
Appendix I (7a): Final products storage (stockpiles) workstations in facility A 
G5 product  Sand  G3 
  
 
Appendix I (7b): Final products Storage (stockpiles) of facility B 
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G2 product loading  G2 product shipment 
  
Appendix I (8): transport loading and shipping in Facility A 
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APPENDIX J:  UNIVERSITY OF JOHANNESBURG ETHICAL CLEARANCE 
LETTER  
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APPENDIX K:  UNIVERSITY OF JOHANNESBURG HIGHER DEGREES 
COMMITTEE LETTER  
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APPENDIX L:  RESEARCH STATISTICIAN LETTER (STATKON) 
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APPENDIX M: LANGUAGE EDITOR’S LETTER 
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APPENDIX N: TURNITIN REPORT 
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